
m
— —\

“.m
‘. (s11,
, E..b

~ I

-1.’.,>-

NATIONALADVISORYCOMMITTEE!2
FORAERONAUTICS i

TECHNICALNOTE2192

A SURVEYOF THE FLOWAT THEPLANEOF THE

PROPELLEROF A TWIN-ENGINEAIRPLANE

By JohnC. Roberts andPaulF. Yaggy

Ames AeronauticalLaboratory
MoffettField, Calif. .

Washington
September1950

1

—-,

4

---------------- .- s.. .. . . . . . . . ..-. . . . . . . . . . ..- >-. -... ------ . . . .-’
.,... . ,:. !. .-. .’...

. -/ ”.....”-.. .“.,. . . . . . . . .



Ti-CHLIBRARYKAFB,iilbl

Imlllllu
DOb5L7LI

.

..

lU!l!IOl!ULADVISORYC~ FORAEROIMUTICS

TECBNICALmm 2192

ASURVEYOFTHEFIOWATTHEPIME OFTHE

PROPELLEROFA TWHG13VE AIRPLANE

ByJohnC.RobertsandPaulF.Yaggy
.

Theairflowattheplaneofthepropellerofa full-scaletwin-
‘engineairplanewassurveyedtoprovidedataforuseinthecalculation
ofoscillatingaerodynamicloadingsonpropellers.Theinvestigation
wasconductedthroughoutanangle-of-attackrangeof0°to10°fortwo
nacelLeinletmass-flowratios.Datawereobtahedforwin-flapdeflec-
tionsof0°and~“ foreachnacelleinletmass-flowratio.Theresults
arepresentedintheformofthefollowingparamters:theratioofthe
localvelocitytothefree+treamvelocity,andtheanglesdefiningthe
directionofthelocalvelocityrelativetothesurveydisk.Thetest
dataarepresentedasthevariationoftheseparameterswithradialposi-
tionforvariousangularpositimsaroundthethrustaxis.A comparison
ismadebetweenmeasuredupwashanglesandthosecalculatedforthsw3ng
bythetieoflifting-linetheory.Theeffectoftheflowfieldonthe
oscillatingaerodynamicloadingona propellerisindicated.me method
ofusingtheflow+fielddataincalculatingthisloadingisgiveninthe o

appendix.

Themostsignificantfeatureofthetestresultsisthatthemeasured
_sh -es weremh M&r thanthecalculatedwing-induced-ah
-s. Thus,itappearsthatthenacelle@ fuselagewerereqmnsible
fora largeportionoftheqpwash.Sinceshilarresultswouldbee~cted
forot?mruing-fuselage+mcel.l,ectiinations,theimportanceofdeveloping
a mthodofpredictingthecontributionsofnacellesandfuselagesis
evident.

“Withthepartial-spanwingflapsdeflected,therateofchangeof
upwashanglewithliftcoefficientwasabout,thesam aswiththeflaps
unreflected;ata givenliftcoefficient,however,theupwashanglewas
lesswiththeflapsdeflected.

Changingthenacelleinletmass-flowratiofromabout0.14to0.29
h@ a sizableeffectoncmlythatmt oftheflowfieldimmediatelyin
frontofthenacelle,andhencethechangedoesnotappearsignificant
fromthestandpointoftheoscillatingaerodynamicloadingona propeller.
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2 3MCATN2192

maow~o~
.

Asa resultofthetrendsinpropellerdesign,theneedforanaccu-
.

raten&hodofpredictingtheoscillatingaerodynamicloadingswhich
resuitinfirst+rdervibratorystressesinpropellershasbecomemore
acute.Suchloadingsoccuronpropellers,inclinedornonbclined,
rotatingh unsymmetricalflowfields,suchasthoseofwings,fuselages,
andnacelles,orconibinationsthereof.However,thepredictionofthese
load-s iscomplicatedbythelackoftheoryandthameagernessofexper-
imentaldataforunsymmetrical.flowfields.Toprovidesomee~erimental
data,therefore,theflowfieldattheplaneofoneofthepropellersofa
~~ airplanehasbeeninvestigated.

Eresentedinthisreportaretheresultsoftheflowmasuremsnts
whichweremadeattheplaneoftheportPropeller$pro@lerremoved.
Alsopresentedisa comparisonofmeasuredupwashangleswithwing-induced ,
anglescalculatedbylifthg-1~ theory.Inaddition,theeffeetofthe
measuredflowfieldontheoscillatingaerodynamicloadingona propeller
istndicatedjthemthodusedincalculat@ suchloadingsisgiveninthe
appendti.
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NACATN2192 3

free-streamvelocity,feetpersecond

localvelocityat~ point(r, n) atthesurveydisk,feet~r
second
(Dtiectionofthisvelocityisdefinedbythean&s 13and~.
Seefig.1.) \

velocityratioatanypoint(rjO)atthesurveydisk

resultantvelocityactingonanybladesection,neglectingpropelle~
inducedeffects,feetpersecond

averagevelocityatthenacelleinlet,-feetpersecond

componentofthelocalvelocityintheplanepezpndiculartoa
radialline,feetpersecond

geometricangleofattackoftheairplanethrustaxis,degrees

sectionbladeangle,degrees

@ ofdeflectionof.thewingflaps,degrees

angleofupwash,measuredfroma lineparalleltothefree-stream
directionina planeparalleltothemodelplaneofsymmtry,
degrees

.
_ ofoutflow}meas~edfromaMne Paalleltothethrustaxis

in a planethroughthethrustaxis,degrees

angleatwhichthelocalvelocityatanypotntonthesurveydisk
iS inclinedtotheplane
thatpoint,degrees

massdensityofah b the

massdensityofairatthe

perpend~culartotheradiallinethrough

freestream,slugspercubicfoot

nacelleinlet,slugspercubicfoot

sidewashangle,measuredfroma lineparalleltothethrustsxisin
a planenormaltothemodelplaneofsymmetry,positivetoward
starboard,degrees

angleofrotationalflow(anapparent,notanactual,rotation),
measuredfroma lineparalleltothethrustaxisina plane
perpetiic~toa radiaIline,degrees

.
-= positionaboutthethrustSXiS,mknmd counterclockwise
fromtheupperverticalpositionasseenfromthefront,degrees

TM angles,e,f3t,and ~ arefurtherdefinedh figure1.
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.
AmPLAm ANDlwmRATm

Theprticipaldimensionsofthea~lane usedforthe
areshownonthethree+iewdrawingpresentedinfigure2.
showstheairplanemouutedInthehs 40-by8&foutwind

.

investigation
I?igure3

tzulnel.

Coordinatesoftheportionsofthefuselageandnaceld.eforwardof
thewingleadingedgeerepresentedinfigure4. Thearrange~ntofthe
interiorofthenacelleisshownh figure5. (Thereciprocatingengine
wasreplacedbyanelectricmotor.Toaccommodatethischange,the ,.

nacelLewaslengthenedasindicatedtifigure2. However,theinletshape
andarearemainedthesame.) Todeterminetheinletmas=luwratio,six
rakesofpressurettieswerespacedaroundthenacelleimlet.(Seefig.5.)
Fourexhaustports,twoofwhichareshuwninfigure5, spanmdapproxi-
mately40percentofthecircumferenceofthenacelle.Thenacellein+et
mass-flowratiowasVarieaby sealinganaunsealingtheseopenings.

Thesurveyrakec’bnsistetlofeightatiectional~itot-statictubes
)no~teaatvariousintervalsalonga steellnibeofX$-inchlength.The
headofeachtubewasessentiallythesameasthatillustratedinfigure2
ofreference1. Therakeisshwnmcunteaontheatrplaneinfigure3.
Oneendoftherakewasattachdtothepropellershaftaudtheotherend
‘wassupporteabymans oftwostrutsextendingbacktothenacelle.In
ordertosurveya sufficientlylargearea,therakewasalsomcunteawith

“

anextensionbetweenitandthepropellershaft.l?lowm9asuremsntswere
madeatvariousangularpositionsonthesurvey&iskbymanuallyrotating w,
therakeaboutthethrustaxistoeachposition.

.

TESTS

Testswereconducteatoobtaindatathroughoutanangle-of+ttack
rangeof0°to10°ateachangularpositiononthesurvey&iskwiththe
airplansatthefollowingfoursetsof cOnait ions:

,

3. af= 00,1111/Illo= 0.14

Thetunnel speetlsforthesetestswereapproximately140and100miles
perhourwith0°end40°wing-flapdeflettions,respectively,.Testswere
alsoconducteaovera tunnel-speearangeof60to180milesperhourat0°
angleofattackofthethrustaxisand0°wing+lapdeflection.

..- - –. . .. . , --y: :T.:-:” “ “ --”.-— -:7--....=,...... ... ... .- .— ..-— -.. — ——.
z .,. -



NACATN2192 5

RESULTS
,

Thefollowhgtableindexesthefigureswhichpresentthevariation
oftheflowparameterswithradialandangularpositimonthesurvey
diskforthe-foursetsoftestconditions; -

FigureNo.

6
7
8
9
10
u.
M!
13

14
15
16
17

l?lowparameter

Angleofrotationalflow,*
-- do---
-- do---
-- do---

a ofoutflow, e
-- do---
--- do---
-- do---

Velocityratio,Vt/Vo
-- do---
-- do---
-- do---

0.29
.29
.14
● 14
.29
.29
.14
.14

.29

.29

.14

.14,

Thedataobtainedforv&yingtunnelspeedarenotpresentedbecauseno
variationinthefluwparameterswasfound.

l?unnel+allcorrectionswerenotappliedtothedatasincethereis
considerableuncertaintyastothesourceofa largepartoftheinduced
flow.Howeverjthetunnel+allcorrections
determinablebythecustomaryprocedureand

Au= 0.85CL

AE = ~50 CL

for
are

thewing-inducedfloware
asfollows:

wheretheupwashanglecorrectionisfora longitudinalpositioncorre-
spondingtothelocationoftlmsurveydisk.Thesecorrectionsshouldbe
addedalgebraicallytothemeasuredangles.Itshbuldbenotedfurther
thatboththesecorrectionsare-applicablestrictlyatthetunnelcenter
lineonly.

Inordertoillustratetheflowconditionsatthesurveydisk,some.
ofthedataof’figures6.through17havebeenreplottedintheformof
cmtourcharts(i.e.,chartsshowingthelocationontlmsurveydiskof
linesofconstantvaluesofthefluwparan&ers).Cbsrtshavebeen

. . . . .- - .. - .- -—— --. —-- ..-- —-,-—~ -— -- .— _,. . —- .— —--
. . . .-, , .“. .. . . . . .-.. .
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preparedtoshowhowtheflowatthe’
testvariables:(1)angleofattack,
nacelleinletmass-flowratio.

.

surveydiskisaffectedbythethree
(2)wing-flapdeflection,and(3)

.

Changingtheangleofattackresultsinc-es inthedistribution
atthesurveydiskof $,6, and V@. asshowninfigures18,19$and
20,respectively.Thedataarealsoshownasupwashanglec (fig.21),
andsidewashangleIS(fig.22).1Theseplotsaremoresuitablein
studyingthesourceofthe-flowangularity;whereastheplotsof ~ and
e aremoreusefulinstudyingthaeffectoftheflowangularityonthe
oscillatingaerodynamicloadingona propeller.

Figure23indicatestheeffectofwing-flapdeflection,ata constant
Sngl-eofattack, on the anglese and ~ andthevelocityratioV1/Vo.
Theeffectofwing-flapdeflectionatconstantliftcoefficient(ap~oxi-
mately1.0)isindicatedinfigure54.

Theeffectofa changeinnacelleinletmass-flowratioonthesurvey-
diskdistributionof ~,(1,and VZ/Voisshowninfigure25. Sticethe
incrensntalchangeinanyparameterduetothechangeinthisratiowas
constsntwithangleofattack,onlythecontourchartsshowingthechanges
at0°angleofattackarepresented.

#

DISCUSSION.

Withrespecttotheoscillathgloadingona propeller,themost
importantoftheflowparametersistherotationalflowangle* since
itcontributesdirectlytootheangleofattackofabladesection.As
showninfigure18(~ = 6 andl@), thevaluesof W weregreatestnear
thehorizontalcenterlineofthesurveydisk.Atthisline,~ results
fromtheangleofattack~ @ theupwashanglee. Thes@sequent
discussion,therefore,willdealprimarilywiththeeffectsofthetest
variablesontheupwashangleatthehorizontalcenterlineandwith
comparisonsbetweenmeasured’andcomputedupwashanglesatthisline.

Therelativeimportanceoftheeffectsofalltheflowparameterson
theoscillatingaerodynamicloadingona propellerwillbe showntna
latersectionofthediscussion.

UpwashCharacteristic~

Effectoftestv@ables.-Atanypointonthehorizontalcenter
lineofthesurveydisk,outsidethemaximumnacelleradius,thevariation
Wl!hevaluesof E and u werecalculatedfromthemeasuredvaluesof ~
and 19usingthefollowingrelations:

E
[

= tan-ltane Cosn
1

-tan* sin Q +lG
a = tlml-=tanesinfi+tanqcos Q

t
, +. .: ::, .;----- -:. r .~~—- .--~..- =-=---- -- .-T. --— —----- -: ,-,,—-. - . --—— —.. . . . . :.. . . . . . . ... -, ..... ... . -., .



I?ACATN2192 7

ofupwashanglewithliftcoefficientwasfoundtobenearlylinear.The
variationsattworepresentativepointsonthislb areshowninfigure26
for@rig-flapdeflectionsof0°and40°. Therateofchsmgeofupwashangle
withliftcoefficientwasaboutthesameforeitherwing-flapdeflection.
Fora givenliftcoefficient,however,theupwashanglewaslesswhenthe. ‘
flapsweredeflected~“. ,

Changeinnacelleinletmas+flowratiohadlittleeffectonthe
upwashatthehorizontalcenterlineofthesurveydisk.

comparisonwiththeory.-Sinceitwasexpectedthatthewingcontri-
buteda sizableSmolmtoftheinducedupwash,itwasconsidereddesirable
tomakea theoreticaldeterminantionofthiscontribution.We sentedti
figure27isa comparisonoftheexperimentalandtheoreticalvariations
ofupwashanglealongthehorizontalcenterlineofthesurveydisk.The
theoreticalvalueswerederivedbyapplicationoflifting-linetheory
(reference2)~ US- tk Easwed SPI loaddistribution,2andhavebeen
adjustedtotid-tunnelconditionsbyuseoftheequationforthewall
effeetswhichwasgivenpreviously.Themethodaccountsfortheeffects
ofnacelleandfuselageonlyh theireffectonthewhg spanloaddistri-
bution.Asmaybe seeninfigure27,thecomputedvaluesfallfarshort
oftheexperimentalvalws. Thisistrueevenatpotitslyingmorethan
onenacellediamterfromthecenterofthesurveydisk.Intheseregions
thecomputedupwashangleswereabout65“percentofthemeasuredupwash
angles.Itisreascmabletoassumethatthedifferencewasduetoune&
countableeffectsofthenaceUeandfuselagesincethereisreasonto
believethatthelifting-linetheorysatisfactor~accountsforthe
inductiveeffectsofthewing.(Seereference1.)

Figure28shuwsthechangesh upwashanglethatoccurredalongthe
horizontalcenterlineofthesurveydiskwhenthewingflapswere
deflectedfrom0°tokOOata constantangleofattackof6°. ~so shown
arethecorrespondingchangesh upwashangleduetothisflapdeflection
ascoqpu%edbylifting-linetheory.Thecomputedvaluesare
experimentalvalues,asisthecaseforuprashangledueto
attack(fig.27).

EffectoftheFlowFieldontheOscillating
AerodynamicLoad- ona Propeller”

lessthan the
angleof

Inordertodemonstratetheeffectoftheflowfieldontheoscillating
aerodynamicloadingofaninclbd propeller,calculationsweremadeofthe
variationofthssectionthrustcoefficientthroughonerevolutionofa
propeller.Forthesecalculations,a geometricangleofattackof10°was
selectedandthefollowingthreefluwconditionswereconsidered:(1)free–
streamvelocityandnoinducedflowangles,(2)free-streamvelocityand

Zl%isdistributionwasobtainedfromunptilisheddata.

. ...-. .. . . . . .-_. .....= __ —— .—— . . - -—— - —— —-- . . .
.,” - . .. .. . . .. .. -’.”-



8 NACATN2192

measuredinducedfluwangles>W (3).me--d velocities@ meELsu’ed
inducedflowangles.Thecalculationswerelimitedtoabladesection
the55.3-inchradiusatabladeangleof21.7°.Theassumedvaluesof
free-streamvelocityandrotationalspeedwere242feetpersecmdand

*

at .

“‘1.250rpm,respectively.Theseparticularconditionswereass-d because
oftheavailabili~of~asuredvaluesofsectionthrustcoefficientfora
four+ladepropellerrotatingattheseconditionsh themasuredflow
field.ThevaluesofthemeasuredflowParmmtersusedinthecalculations
arepresentedinfigure29andthemethodofcalculationisgiveninthe
appendix.

Theresultsofthecalculationsarepresented.infigure30. This
figureshowsthevariationoftheincrementalsectionthrustcoefficient
withangdlarpositionaboutthethrustaxis.Alsoshownisthevuiatim
ofticremmtalsectionthrustcoefficientforthebladesectimofthe
fo~lade propellerasobtainedfrommeasurementsinthepropellerwake.
Thesevariationsarerepresentativeofandproportional-tothevariations
oftheoscillatingaerodynamicloadingsforthesameoperatingcondttions.

- Thecomparisonsoftheloadvariationsprovidedbyfigure30showthe
followtngitemsoftiterest:

1. TIEmagnitudeoftheloadVariationjthat is, the changein loading -
fromthe maximumto thbminimumloadpeak,isincreasedabout75percentby
takingtheinducedflowanglesintoaccount(inadditiontogeometricangle
ofattack),andthevariationisdistortedfromthenear-sinusoidalvaria- ,,
tionresultingfromtheuseofgeondricangleofattackonly.

2. Withthemeasuredvelocitiesthentakenintoaccount,themajor
changeisa furtherdistortionofthevariation;whereasthemagnitudeof
thevariationisonlyslightlychanged- tncreasedbyabout5 ~rcent.

3. Themagnitudeofthecalculatedloadvariationforthepropeller
rotatinginthemeasuredflowfieldiswithin2 percentofthemagnitudeof
thevariationdeterminedfromthewakesurvey.Inaddition,thecalculated
loadingcurvehasnearlythesam shapeas,butpeakssomewhatsoonerthan,
themeasuredloadingcurve.

Itistobe-notedthat,aswouldbee~ected,theinducedflowangles
providedthemajorincreaseinthemagnitudeoftheloadvariation.That
thsupwashanglewasthemainfactorisindicated-bytheupyash+@e and
sidewash-angledistributionsoffigures21and22$respectively.It iS

evident,therefore,that,iuthedenlopmentofa methodforpredictingthe
flow-fieldcharacteristics,considerationshouldfirstbegiventothe
upwashangle.

Thelocalvelocityvariationaroundthesurveydiskisseentohave
butsmaUeffectuponthegm@tude ofthsloadvariation,butitcannotbe
as-d thatthiswillbethecaseforallcorfibinatiansofpropellers

.

-- ,-. ...7-.- -Sm ---- . ---- -------

., . . . . . . . . . . . . . . . . . . . . . ,
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NACATN2192 9
.

N operatingconditions.Consequently,inthefinalanalysis,a methodof
predictingthelocalvelocityvariationmustbedevelopedifmoreprecise .
estimatesoftheoscillathgaero@mmicloadsonpropellersaretobe o
made.Itistobeexpected,however,thattheeffectofvelocityvariation
willbe smallcomparedtotheeffectoftheinducedflowangles.

Althoughtheangularpositionsatwhichthemaximumandminimumload-
@s occurappeartobeofminorimportancecomparedtothemagnitudeof
theloadvariation,itisofinteresttonotethatbetteragree~ntbetween
thecalculatedand~asuredpositionsresultedwhenthelocalvelocitY.
variationwastakenintoaccouut.Thecalculatedmaximumloadpeakoccurred
about24°soonerthanthemeasuredpeakwhenthe localvelocitywasusedin
thecalculations;whereas,whenit%s neglected,
difference.

CONCLUDIIVGREMARKS

therewasabouta kQO‘.

. Theinductimeffectsofthewing+aacelle-fuselageconibinationontlm
flowatthepropellerplanewerequitelarge.Ofthese-effects,theupwash
anglewasthemostsignificantintermsofoscillatingaerodynamicloading
ona propeller.Valuescomptiedbytheapplicationoflifting-linetheory
tidicatedwing-inducedupwashanglesconsiderablylowerthanthemeasured
upwashangles.Thusitappearsthatthenacelleandfuselagewererespon-
siblefora largeportionoftheupwash.Sincesimilarresultswouldbe
expectedforotherwing-fuselageacelleconibinations,theimportanceof
developinga methodofpredictingthecontributionsofnacellesandfuse-
lagestotheupwashisevident. ‘

AriesAeronautical.Laboratory,
NationalAdtisoryComitteeforAeronautics,

MoffettField,Calif.,July10,1950.
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API!ENDlx .

. -ICM!IO’NOFTEESURVEYDATATOTEEIM~ON OF. *
OSCDWMXNGAERODYNAMICLOADINGONA PROPELLER

.

VelocityDiagrams

Thevelocitiesuponwhichtheblade-sectionloadingdependsarethose
intheplanetangenttotheblade-sectionpathofrotation.Thisplaneis
thessmsasthatinwhichtheangle$ wasmea~ured.(Seefig.1.) The
velocityvectorstobe consideredsz’ethusVi,thecomponentofthelocal
velocityh thisplane(fig.1),andthetangentialvelocityduetothe
propellerrotation.Ifpropellez-hducedvelocitiesareneglected,the
velocitydiagramforabladesectioncanbedrawnasshowninfigure31.
Diagramsareshownforzero,negative,andpositivevaluesof ~ as
denotesbytlms~scripts1,2,and3,respectively.Vsl.uesoft- velocity
VI aredeterndneilfromthesurveydataasfollows:

v’= (vz/vo)V.Cos es
where

.

et s tan-l(tan e Cos v)

Evaluationof

Theequationforths ct
derivkdbyusingsteady-state
inreference3,withslightly

Ct
=K#

SectionThrustCoefficientct

ofa noni.nc-lines,isolatedpropellermaybe
propellertheory.Thisequation,presented
differentnotation,isasfollows:

ai (cotq-tan y)xe—

(
57”3 cotq+ &

● 7

where

K Goldsteincorrectionfactorforfinitenuniberofblaaes

x
()

radiallocationofbladesection~
R

r raaiustoblaaesection,feet

R propellerradius,feet ,

.
—. —..- --. =- -:..7 .,. . . ..>...- .- ..,.’- ‘ -..,.-.... .--7—.. . >,-.-,..:,..- ---- , . r--.—-

. . . .. .. . . . . .<-. ,,
,. . . . .



NACATN2192

al propelle*@ducedangleofinflow,degrees

32

Y t=+ (b )Made-sectiondrag,~e~ees
lade-sectionlift

Foraninclinedpropellerrotatingin-anonuniformflowfield,theabove
equationmustbemodifiedtoaccountforthevariation,inbothdirection
andmagnitude,ofthelocalvelocity.Theequationforthe Ct becomes
then

forwhichitisimportanttonotethat

Po = tana
. (
as is indicatedbyfigure31.

.

,
— .-. .-—= . . . . ..- ~—,— ..— —.— ——.~ ..- . ——-— -—-- .—— --., .. .. .. . . . . . .. .
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Figure
the

1.-Geometric
surveydisk.

characteristicsoftheflowparametersrelativeto
Allanglesareshownpositive.
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Fuselagecoordhafes
Sta a b
o 0 :

3°0
: 4.5 ?5 :;
3 5..? A-

Nacellecoordinates
Sta.
o 2;5

23.0
: 240
4 250
6 26.0
9 2Z0

2Z8
:: 28.5

29.0
z 29.5
36 29B
42 29.7

29!8
:: 29.8
62 29&

.

All dimensionsare in
inches.

Figure4.-Fuselage and nacel/e coordinatesfw the portions
forwardof the whgleadingedge.

19

——---- . ----- ------ -:7----X- --- . , . . -—— e#-- ~..,, ,. .,. , ~. . . . .—. -.-.:. , ..,. ’..$- ,7, -. >, -.. .-.. . ..



:,

.>
‘.

,-

.

,, i

.I,..,I
.,

4.,,,
.,,,..
,..,
,.

,{
;1

. .
.. ,

I

s“””vw’ng’eud‘

-1

All dimensions are in Inches.

Figure 5.- General arrangement and principal dimensions

. * #



I?ACATN2192
.

21

36

32

26

24

2;

16

/2

8

4

0

-4

-q /0 2

.

% c’—.
o 0“ .32 -
❑ 2° .46

0 4° .60

A 6° 74

v 8° .88
h /0° L03 .

. .

\d &

!! -
w

40 50 60 70 80 90 i
Radialposition,~ inches

F~@ure6.-Vatiotionof the angleof rotofionolflow, ~,
postiionfor severalonglesof attack. ml/mO,.29;

)0

(h”9(2=0.0?

withradial
& OO.

.. . . .. . . —-— .—...=~., .— —... ,--., .. . —— ---- .— .-. .._---—- 7 , .,-.. . . . . . .... .. . .... ... .-... .. .



% c’—.
o (7 .32

❑ 2° .46

0 4° .60

A 6° .74

v 8° .88

A 10° L03

10 20 30 40 50 60 7
Radial@WyO~, r,

.

(b)O=22.5e.

NACATN2192
.

. “.
.. .. . . ~.__ —,= . . . . . . --- . . . ..— ——_ .— .= .— _—. . .

‘. ....’”..., .-.., . . ,, .,:’...- ,., .... -.’ ... ..”,._.- ...,., .,. . ----



NACATN2192

,

Fi@re6.-Cam’lhued

,.

o 0° .32

m 2° .46

Q 4° .60
A, 6° .74

v 8° .88
h /0° 1.03

.

.

‘o
#

......—_ --- .—.~ .~ —. -———..
——. .. .

,,-.#’”:. .. ’--.’,, ,. -.’!-’ .“.,’ ”,... ~-.’



24 NACATN2192

.

4

0

-4

‘8

-/2

-16

+0

-’

*8

-32

36

-40

/

-El &
.

❑ -’ “’ .
/

A \t
A A A

Q+” A
+ o0“b A

\ / A - A iL a
A 14

w ——.

k ❑ 2° .46

e 4° .60

A 6° .74 ,

v 8° .88 .

h IOe /.03

,

I
/0 20 30 40 50 60 70 80 90 I(

Radialposition,G inches

Fi@w 6. - ctmthutd

o

.

.

. ,

(@JJ2x68.5°.

b

w

.-. .
.. ,..- ..... . -: ... ---,.. . ;,. ..”..... .._ :-t.-.” “>--:’-- ..-:. . .’- -’ ‘“’

—--- ..—
.’. .... ... . .... .. ..



NACATN2192 25

4

0

-4

-8

-/2

-16

-26

’24

-26

-32

36

-40

Fiire 6. - Ctmtaad

❑ 2° .46 I I
A 6° .74 I I
v 8° “88‘ l-+--
A /0° /.03

I I
50 60 70 80 90 ~

Radial position,r, inhes

.

.
.<.-. .-— .“—. .--. .— .-y. -.— .— . . . .. ..— -——— ----— —.-.. -——-—-—--—-——————— ——— — — —-

. . . ,.
..

,.-. .. . . .



26 NACATN21%

[f) J2=/’13.4°

F&we6.-Ctmfhut?d

,,

.

.

.



NACATN2192 . 27

24

26

/6

-1A

’16

-26

Radiaiposition,~ inches .

(g) J2”135.7°.

F@ure6. - Cmtlhued

,

-------- ------- ..-- —--. --. .— y—. -—-r . . .—.— -.—.7. —. —— -.—. .— .—. . . . . .

..,’ ‘.6. .. . ..”..,- ,.. . . ....
. . . ,..



28 NACATN2192

Fi@re6. - CaWhued

. u@

o 0°

❑ 2°

e 4°

A 6“

w 8°

& /0°

CL—
.32

.46

.60

.74-

.88

/.03
F

Ruo’Mpmition,G inches .

(h)‘J2=158.Z‘. “ ‘
.

*

. .

T
o

-.

Q

.

.



NACATN2192 “ 29

10 20 30 40 = 60 70 80 S0 4
‘Radialposition,r, inches

=S=

(~ J2480.6”.

.

?0

-. .-. .—... ..—. .. —---..=-. :- ..-— -- .--.-,.- -,-- ,—- -.— v..,—— --- .—-. -— —-- -,,.. :. -.,....,. . . . . .. .. . .. ”’.”
,. ...



30 NACATN2192
.

36

32

2&

24

2G

/6

‘ /2

&

4

6

-4

-8

Q? c~—.
a o“ .32

❑ 2“ .46

@ 4* .60

A 6° 74

v 8° .88

eb 10° /.03
I

I t.

33

o
Radialposition,G inches

(yJ2”203.0°●

.

Fi”?w6. - Cmtlhud.

_ .- .— .. . . . . . —._ ,-.-.:-..-—-- ——~ .: .;— -- . T- .- . - , ---—.-:”-—~- -—— ——
. . . ... . . .. .< .-> ..... . . ,!#



MICATN219? 31

40

36

32

28

24

20

16

/2

8

4

q

Fl@u~6. - cant’ued

. . -._..—. —-.=—. --. —.- ~——— --------- -—,—— -—-— —-- --—--—— ---- —-—------.,. - . ...,’ ,.. ,...-,.



.

32 NACATM2192

.

.

.—

4G

36

32

26

24

20

16

/2
.!

8

4
.

0

Radialposition,c rhches

.
.

\ (1’)J2=2472”.,

w

,,-. .. --.,-: --- -.-..:- . . :-.<--.,, ..!------ ;---- .--Y --- ~---- -—
. . . . . . . . . .. . . . . . ,. . .. . ... . . . . .

.



IWCATN 2192 33

,

Radialposition,~ inches

.

(m)J2=2701°. .

Fi’@m6. - Cmhued

-. —.,- ~y..-.—r. ..——--, .Z-.-...-.—— --- -— ----—.-—. --- .-.—.-
.,,.,... ... .-. ,.... .. . . . .. .



34 NACATN2192

.

Radialposition,r, inches

(nj J2=292.2°.

.

.

0

.

.

-. -. .-* —..~,.—.— . .... . ..- -.---, --d- ..-; — ——. . ——-.

‘.,,------- . .! ;::..- “,. ..- ,...- .-’, .- .,...-



35

40

36

32

28

24

20

16

/2

&

4

c

.+

@z

v

A

..

.

Is Es
IA

v
A

A 4
A

@
m

v
U El

n . .

I
2 &o 90’ h

Radii! pasifion,G imhes

.

(0)4)=3/4.7°.

Fi@m6. - C@lhued

-. ...- .—— .7 ------ -— —--- —.z ----~ —...--—— —-—- ——-—~—v- ------ -.;—--,. . .. ..- ,..,. . ... ...



NACATN2192

40

36 ‘
Q* CL

32
❑ 2“ .46.

28
A 6° .74

24 v 8“ .88
h /0” 1.03

20

/6

/2

8 h N

v +

-40 I002U 30405060 ~80SV

.

.

.

.

.

Radialposition,G inches

(p)@33z4°.

.

. . .- .,-. . . . -- .. —..-
. . . . . ‘.”----,:. -. ..’ ,“,>-... .- —.=.”-‘. “:.:: . i“..““.... ....L..- ..... ..,.-.. ..



lUCATN2192 . 37

36

32

28

24

26

/6

/2

6

I I I I I i I I I 1 I I

?s 10° !.67”

\
t

c

1 1 I 1 I 1 1 I I

4

c

-4

-1

Radialpositim,r, inch~

(ii)J2=o.o”.
.

F/gumZ - Variationof
positionfor several

the angleof rotufionolflow,~, with,radial
anglesof attack. ml/mO, .29;af,4o”.

. . .... . . ... ------ .,- ----- ..,---- ---:y- - - ~ - 7---- ..=- -—— -- ———— ---—- —- —---

. . . . . - . . . . ---. . . . ,“



38 lMC!ATN2192

Radialposition,r, inches .

FIgumZ - continued
●

)0

.

c!

-——--- ,.. ---- ____ , —.-.——.. , —.--q-: -..- ;.. ::.:- ....-..ti=~.=. . .. . ,. :.. .; ... . ,.,.. ... . .



NACATN2192

.-

39

.

Rmiul position,~ hches

F@ureZ - ContWed

10

------- -.---—- ------ .-. —,y —.— .-----7--- -.Y. L—...-~. —~ -—-—— —.-—— ---.-. . .
“,.,... ‘ .. . ..... -“. .’. ... ....”. -------... ,:. .



NACATN21$%2

.

-:
“

-3

-4

,

Radialposition,~ inhas

(i# J2=68.5”.

ngun?z - Confhued.

0
.

0

“

.

.

.

.

.- .-—. :-- =-- c- ..-.-,- -, --- -- ~-:------- ------- .- ””-,””‘-“’...
-,:,.., -,.

. .~. ..- ..’,..: .“.~:.%.. “. .: .:. ,,



,

41

D

.

.

#

4

0

+

-6

-/2

‘/6

-20

’24

-28

-32

’36

-40

T
T.-t+

. TF

0° .8/
El 2° .99

Q 4° /./7
A“ 6° /.35
v 8° 1.52
h /0° 1.67.

) 30 40 50 60 70 4
Radial positim,G inches

(8.)J2=91./”.

J%gun?z - Confhued

+

&

- . -—-- --- —. ---—..—-,= -..—— ~:.- -— --- — ----- — -. -.--—-----,-’ ... ,. . . . .. . . ‘. ,, . .. .. . .



.

/2

8

4 .

“1 I

20 /
( 0 0“ .8/

❑ P .99

-24 v-
/

0 4° /./7
A 6“ /.35

’28 b v 8° 1.52
k /0° 1.67

‘=o ,o ~o 30 40 50 60 ~o 80 =4

Radialposition,r, inties

Rgumz - Confhued

..——.. . -. . . . . . .. .. .. -,- ~- ----- ---- .... .. . . . -,-- ---- ., ”-”-------———-—,...‘. , ‘.. . .! ..’.. .’ .”:. --J. . . . . . . . . ...



I?MATN2192

24

%

16

/2

&

4

6

-8

-/2

’16

-20

Radialpmh’ion,G inches

(g)GO=135.7°.

Fbgumz - Confhued

c)

0

.

.- -—-------- . .—. .. —-—---- -z y..-——

● ,,.
,. . . ,. . . -“” -- -—.— —--- —“ -— -——---—:.,”. . .......’ . ... . . . .- ”’. . . .



44

.

NACATN2192

28

24

20

.

-4

-6

-/2

-.6

d

.

J-I---I=L--L-U
h 10° 1.67

.

-1- I-JA
la 1

●
T lx A 1x I I A I—

.

*1
10 20 30 40 50 60 70. 80 90 IW

(%)0=/58.2‘.

,

J%gun?z - Confhued

.

.

., . . .. . . - .-.!..... .: -.”.””. .’.:.-”. ... ..- -.-............:--. ., ., ..” ‘,.. . . . .. .... . .: -.-.., ‘>::.,. ,.



45

.

CL—

40
.

36
a!!

32 0 7“
. ❑ 2“

28 Q 4“

A 6°

24 v 8°
k /0°

20

16

/2 .
/

8

4

T
00 10 2U 30 40 50 @ J

.81

.99

/./7

/.35

1.52

/.67

Radialpmition,~ inches

(i)J%180.6°

FIgumZ - CO17t~U8~

.-

$b

I 80 90 /( ‘o

. ..— -. .-= ----- ,. —-.—-—-,. — ..— _ —— -.y - ~- .. —.. —... . . . . . . ..:. . ..-.... :. . . .. . -“. ,
.. —-.-



32

24

16

/2

&

4

c

*

-6

ae

o T“.
E 2“

Q 4°
A 6°

v 8*
h 10”

CL ~
,;
.99

/./7

f.35

/.52
1.67

RatW position,G imhes

Egulz?z - Confhued.

.

.

.

.

..-. —— -. -.-— ---- . —.
:W’

.. ---- - .:-.---.= —--, .--— -— -- .. —.-
. . . . . . . . . ..-” .4.” ....>- ... . .. .. . . . “.. ‘..” . .. .



.

I

i

Angleof ~h7tl’Od f/OIV, )$’, d8g .

I
I



48 NACATN2192

.

.

1

Radialposition,~ i&es

(V J2”Z4Z2” ~.

.

Rgun?z - continued

.

.

,

.

... . —r----- -- . . . -, .-, ,,. ,-. . .,.--. ”“.:--..:=..- . . : ;,”.<..-’. -,,-.. .,. , . .



.

c-

.

36

32

26

24

16

/2

6

4

2

-4

-/

,

la 2° .99

0 4° /./7

A 6° /.35

v 8° /.52
A /0” 1.67

‘k

Rudiol,posifion,.C inches

(h?).Lu=27cu”.

FIguraZ - Continued

.

. - .. -. ---.- ..— .— —.. -—-—.. -— —.- - ——-—. y ——-.. —- —-— —-— -- - - -:.. .- ,. ,’..



. NACATN2192

ngun?z -COttfhU8~.

&dial position,G inch

.

.

.

.

,. ,---- .--.- .~.J., ,- . . .
.-

. . . . . . “...,-- . .
., .----- ;. .,,-:..~. ., .,..’,. -I, .... . .



NACATN21% 51

40

36
da Q .

3? o T* .;

❑ 2“ .99

28 @ 4° /./7
A 6“ 1.35

a? v 8“ /.52 ‘
k 10° /,67

k
20

v-
/6 \

k ~
/2 w

. v

8 z -
A

& 7

4 — — +’ z=+0-~ b,
0“ “ w

30 40 50 60 70 80 90 4

(0)J2=3147“.*

Figun Z - Comlhued.

-- ..—-~.. - ,—.—+—.—-——------- ~ - -—. -—y~- -~ --.-----: -,--.—=.- “=n ---.,, .. .. . ,.“. ....,.-.. ..



52

.

,. NACATN2192

40

36 ‘
U@ CL

32 0 0° .;

n 2° .99

28 e 4° /./7
A 6° /.35 .

24 v 8° 1.52

h /0° 1.67

Radialposition,G hches.

.

.

,.

.

.

.

.

.

#

——- ... - —- ~ .— .— .=. -.—---- . . . . . . .. =”- .-- =-- . . .
—.—

-- .
:-:,.-..:.

.~. ..,- ... . .,, ..,.- -’ . . . . ..’. .. .



NACATN2192 53

32 .

28

24
●

20

16

/2

8 ‘

4

0

-4

-8

12’ I(J 20 :

+H-t-
0 4° .60
A 6° .74

v 8° .88
m=

PA 10° /.03

?40 50 60 70 80 90 It o
Rtmiol position,r, inches

(u) J2=359.8°.

Figure8. - Variationof the angleof rotationalflow,#, withradial .
positionfor severalanglesof attack. ml/mQ,J4; ~, OO.

- - ... —- —.. .. . . -----— ---- —-—------- —-s .—~—. =----~ ~ ~-. . . . . ~-—--—- ——— ——-—-— - -—-
. .. . . . .. . . . . . . . . . . . ., . .. .

. . . . . . . . .. . . ,.“.



.

.-

3.. Doze
e 4“

I I I

●

CL—
.32

.46

.60

-t-HA 6° 74

v 8° .88
h /0° /.03

(b) J2=45.3°.
.

Figure8. - continued,

7

..

.

------- :;. .,: ..>. ----------- - . .’.....’. ,,



NACATN2192 55

?

Rmhl position,r, inches

.

F(gum8. - Confhued

“,

‘o

.. . . .. . . ... -.— —- ~,-..—————--- -,. -- -- -- —- ...—--- .—-—. ~—. -—.. .—— —-— —. .—. .——-
!.. .J

.,
..- . .’.. ‘. l.,. . ..’ ,..,..-.” ... -,.



56 “ NACATN2192

20
o@ tiL

/6 o 0° :;2

❑ 2° .46

12 e 4° .60

A 6° .74

8 v 8° .88

5 eb /0° . /.03
S4

I I I

‘a

-El .

—

T

,

I

Radialposition,G inches

.

F&we 8. - Continued
.

.

,.

,-

.

.

. . .. . .. .. ..... . .... ..,----- ..-----.-, ,-
, .. k. :-\

!. . . . . . . ...’ ., .:’.. . ... ..-...”’. ‘..
,.,,......,

.-.



.

NACATN2192 57

40
●

36
% CL——

32
El 2° .46 .

$ 28
s A 6° .74
3’ # v 8° .88@

IA /0° /.03
3
“5 20~
Q
% 16
*
p
T /2 t .“

8

4

00 10 20 30 40 50 60 7V 80 90 100
Radialpmitim, r, inches

●

Figure8. - Contihued

●

✎ ✎✍�✍ ✎✎✎ ✎✎ ✎✍✝✎ ☞✝✍✎ ✍ � ✎✍ .-7- —--- y —-... -~-. -. ——— - ——- -- ----
?, .

. . . . . . . . . . .. . .
,.

., -..,. :: -,’.... . ...’.’. ..- ‘..



.

:NACATN2192,

c’—
.32

.46

.60

.74

.88

/.03

Radialposition,r, inches

s

.

Figure8. - Continued

.

*

h

-7--
*

. .

. .

I

-q5=
SF---2

.

.

9

.——., ... -,. -=—.-- . . .“------- :< ”-=.7 ‘
.-—2, .,. ...--” .. . . . ..: ”..-,>. . ~“.’y,.--..”. .. . .... .-, .. .



NACATN21%

.

44

4(

36

32

24

/6

/2

a

4

0

a“ CL
o 0° 3—2

❑ 2° .46
e 4° .60
A 6° .74

‘1+
v 8“ .88
h 10° /.03

m

hdiol position,r, inches

(g) J2=269.80.

Figure8. - continued

. . ..- -.>— -.--— -.—. . ——— ..,, ..- . . ..- -- “---”--.—-...—.-T.——
.. ..

. . . . . . . . ,:.

7
.

-. —-



#

44

a

36

32

26

*

26

f6

/2

&

4

6

NACATN2192
.

Radialpostiim,G ihchss

(h’ @314.9°.

Figure8. - GO~C1U~8~.

,,

.

.

0’

.

.



NACATN2192 61

32
,

28
u@ CL .

24 . 0 7“ .; ‘

❑ 2° .99

20 e 4“ /./7
A 6° 1.35

16 v 8° 1.52
e A /0” /.67

12

8

4

-4

-8 ‘
.

Radialposition,G inches

(dJ2s359.8”.

Rgure 9. - Variationof the angleof rotationalflow,~, withrimt’al
positionfor severs:anglesof attack. ml/mo, .14; +, 40°.

.

.
. . ..—. -- —.. —.. .-z -. ., -. .—

,. . . . . . . <.
—:--- —.- —-.—.

,. . . . . . . . >.. -
.’. . . . . .



.

.

62 NACATN2192

-161 , / J # 1 ! I I I

u’
— c’—

! A 6° /.35

-28 v 8° /.52
. h /0° /.67

k
70 80 90 /(

m

.

.

.

9,
Radialposifkm,G inck

.

(b) J2”45.3°.

,,. .

Rgum 9.- cmfhud.
.



.
.

s

‘a

4

G

-4

-t

-/#!

-/6

-2C

-24

-2k

-3A

’36

-#

\

a

&

f “
>.

C/

/0 20 30 40 50 ‘6070’ 80904

.

(C) J2=90.6”.

Hgum 9.- Cmthud.

. .. . . . ..- -= ~.-. .—.= . . >-—y. --— .--—, —.-. . . . .. . ----— -. _------ ____ ._. ..- . . .
‘.’---- .“. ,,-. .- ,. . . ---- ,-

.

-.



64

-/2

-16

-z

‘-a

*6

-32

.

Rgu. 9.- Cmtihued

NACATIV2192

h-l

1

/

Q 4° /./7.
A 6“ /.35 “
v 8“ /.52 B

1 1 1
) 40 50 60 70 80 90 A
Radialposition,~ inches

●

✎

.

.

.

u

--- .- .. ----- .-—.-—- . . . . . . .. . . ... . . . ... . . . . ,+ -—. -—.
.2 .. .

.. . . . . .“:.,-..”. ,,. ” ,“. ,. .... .... . .. . “..



,

m

NACATN2192 65

44

40

06 q “
36 0 7“ .;

m P .99 9

32 Q 4“ /./7

$ A 6“ 1.35
s 2“ “ v 8° 1.52
s h 10” 1.67
@
~ 24

s“%
g 20
\
%Q
S 16
P~

/2 .

8 -

4
t

00 10 20 30 40 50 60 70 80 sw 100
RMial position,~ inchs

(e) JW80.00 -●

mgun?9.- Cmthud. ,’

-.--.-—— .. —.—...- .——-. — -. -—. . . . . . .-:,. .-—----T> .- .-. “-—.:-.= -— —.. . .. . .,:



s

24

16

/2

8

4

0

-4

y

.99

/./7

1.35

/.52

1.67

Radialposition,G tkhes

Rgw’e9.- Ctihulz

.

.

.

.— . —-y-—. ,- .-—. --- .-.,-.. ----- .: .,,.
. .. ———

. . -,-... . . . . . * -:. .. ... -.’. ..... . . ..... .. .:. ,..



. .

4C

4“

6=

8*

/0”

. CL—
.8/

.99

/./7
/.35

1.52
/.67

A \ \.
,

/

d

d ‘ \
m-

)
n

0“ ‘~ ~ . . .

10 20 30 40 = 60 70 80 90 I
Radialposifion,~ inches

figure 9.- Cmfhuad . . .

., .—-— -.. —.— . ..— -— —- -..-—7 -- . - . ----:p -—.—- —
-___— . . . . . .

. . . . .. . .. , ;.. .... . . . . . .. .-’.....’-... ,. ’-



lMCATN2192

Rao’IWposition,4 ihches

‘(h)J2’314.97.’

figure 9.- Concluded’.

.

.

9

.

.

.

#

. . . ~-—. ..—...>,. .. s--- -----.-... -,.. s- ----- -.-,.... ....—.
..- {.. ----- . -.” -.”,. -

-- .,-.,-... -=..
... .. .. . 1.., .... ’ -.’.....-



IWATM2192 69

40

36

32

28

24

20

16

/2

8

4

G

k 4? Q——
0 0° .32

? ❑ 2° .46

e 4°’ .60
A-

A 6° .74

w 8° .88
h 10° /.03

EL. \

m \ \
.

% I.
~h

\ %.

●

I
‘1 10 m 30 40 50 60 .708090A

Flgum10. - Variation
for severalangles

. . . —-—— — -——— .

Radialposition,4 ihches

(17jJ2=o.o”●

of angleof outflow,8, with radialposition
of attack. ml/mOt .29j %f,OO.

.- —— -—--— --— --. ;-—..-. :—- ---—- --— ——,--- .-__—. . ..... ,-. . .. . . .. ..-. . -



70

,

40
●

36
b &@ c~—.

32 v-
0 0° .32

❑ 2° .46

28 &
\

e 4° ~60
o- A 6° .74

24 \ v 8° .88
El- PA 10° /.03

20 s

16

/2

8 k

4

00 10 20 30 4(.5060 ?V 8090 itW
Radialposition,~ inches

Figure10. - Continued.

.— - .. . . . . ... . .... . ... . . . . . . . . . . ..- -- .-— --- ..-. —
... .. . . ..... --- . . ... .. ... . .. .. . . . -, . ..... . . . .



.

NACATN2192 71

Elgun?/0. - continued.

(c)@452°.

.

.

. . ..._ --—. .-. .—. —- .. ——. —... - .-.~~ ——. — —--- —- —-..J.“..” ---- ,. ’.. ,,-..’. .-. , . . .. . . .,.. . .. .



72 lUCATN2192

40

36
Q@ CL—.—

32 0 0“ .32
m 2“ .46

28 G 4° .60

A 6° .74

w v 8° .88
& 10° ‘ /.03

20 \

16y e
d -

12

8

.
4

Oo,ommmm ~mmw,(

RMal position,~ inties
.

(~ @68.5°. ‘

Figun !0. - Cofitinued.
.

.

.

!

.

.

0



NACATN2192 65

aa

.

44

46

36

34

2&

24

26

/6

/2

6

4

c

.

,

10 20 30 40 50 60 706UWA
Iibdid position,< inches

fi’re 9. - Cmthud. “ . .. .. .

‘o

. .. .. ,___ . . ,--: --T, —- ——— —------ -- .— -- —------
$., .

.— —.. . . . . ... ..
. . . . .. ., ,“, ,:. - . . ... . . .,..., .



U*
m

o 0“

❑ 2“
e 4Q

A 6°
v 8°
h /0”

CL—
,.81

.99

/./7

/.35
/.52

1.67

I
I 50 60 70 8Q 50 1(0

0

Q

.

..-. ---- -..--— .-—m - -,. . . . . . . . . ;-. —.-— . . - -- . ..--—
.,

. .=. --- ,- , -—- .
. .

. :., . . . ,..’ -- ..: .. . . . ,.. ,



67

1
)0

Ruo’iaf#05itioff,~ inches w“.

Rgure S - Cmthu(?d
... . ., ,,”.,,

. ..-. . .. --— .?--- .-— - —. ———------- -—--—~,. -.—-——.—. -—— ——— —-. -
“. ~,.. . ... ..- -, .“..

. . . .-



68 NACATN2192

36

3Z

“28

m

20

t6

/2

8

4

0

-4

-q

IIT
Q& Q

a T“ .;
❑ 2° .99

Q 4“ /./7
A 6° /.35
v 8“ 1.52
h 10° 1.67-

Radialposition,~ hches.

- (h) J2”314.9?

.

hgure 9.- Concluded.~

.

IE@
v

A

I
90 100

.

. . . ... . . . ..... -..,- . . ...... . ... . . -,. ,
... . ., . ..-’ -’ ..’”,. ....” .. ..’ ..... -.. . . . . .



,

NACATN2192

40

k * g

36 .0 0° .32
v ❑ 2° ..46

32 Q 4° .60
&

A 6° .74
v 8° .6W
h 10° /.03

24 m‘ \

\ \
.

20 ‘-

16 % t.

L h
-h

12

8 — — — — m

4

‘o /0 m 30 40 50 60 70 m 90 Im
f?ao%lposition,~ khes

(27jJ2=o.o”.

Flgum/0.-Variationof angleof outflow,8, witi radialposition
for setierolanglesof attack. ml~mo;.29i%f,OO.

.

---- --- —.-. —..——--.-----,--- — .- ..-. T— ._. --——---.—---———————- -- — - -—-
... ,. ,, . ....”. .:.:-

. . .. . ..



70 NACATN2192

et
*
w

40

36

32

28

24

20

16

/2

8

~ I T+
\ I \ I I I

!,..

4

Radialpost~on,{ inches
.

Figure10. - Continued.

.

.

.

.

0

.%—..,.. -.. ~-. -. -=-=7- —---- -“-”” -— ---.. . ...------- . -- 7---- ,-. , —
-. <.,-.. . . . . . . . . . ,.. . . . . . . . “ ., .’,



NACATN2192 71

44

46

36

32

28

24

26

16

/2

8

4

0

2°

4°

6°

8°

CL—
.32

.46

.60

.74

.88

&dial pos#ion,~ ihches

Figure10, “ G’Qnfllnu#.

9

..-. ..... .. --- -.. .-— ,.— ..—. _ ~-----.. . —— .— —.-
. . .. ...’ .. .. .

.,1- . . . -



72 NACATN2192

.

.

. .

●

Figunil10.-Continued.

Radialpositbn,~ khes

@ J2=68.5”.

.

.

‘w

. . .. .- <. . : --.-- .,-.. .~, -,..- . . .. . .. . ----. -.”..>...........
.:.-.,.:..;-, ,.-~>,~. ------- . .“” .“ .,. ... . .‘-. .

-—



NACATN2192 73

40

36
*

32
❑ 2° .46

28 e 4° .60
A 6“ .74

24
A /0° /.03

20

16
.

t

8

4

0

-40 ~ ~ Jo ~ so Go To ~ ~ ,m

1

Radialpowi’ion,G inches w

(k”J3=9U”

Figure10.- Continued.

.

.. ------- - ..-. ..--—. -— — —. ;-— —. .: ..—~. -—..——-— - ---- ...— .-
.,{ ..“ “>. ,. ... -,, -.. .



74 lMCATN2192

36

32

——

28
❑ 2° .46

24 ‘ @ 4° .60

A - 6° 74

# 20
s & /0° 1.03

$ 16
s ,
8

0
.

.

%dib..position,G inches

Figure10. - continued.

(f) J2=/f3.4°.

.

. . . . .. ---- &
-. _.. .-— ----- .-. -7-— . .

. . . ,.-.
--. ”.,.-””.”.. . .. . ..”,. .. . . . . . . . . . . - .. -.,” ‘.



WA TN21* 75

321 I I I I I 1 I I I I 1 I i

I I ma.no

-.
4

A
\ - T I 1 I— I

I

Radialpositim,G inches

(g) d2”135.7°.

Figure10.- continued’.

\

. . .. . . . .7— ..-— - --- .~.—-- .. -..-...-: -..=: .—— .——-—. —— .

. .

.. —. —- -

!: . . .s. .,..“. “.. .-. . . . . .



.

,

75 IWCATN2192

s’b

%’

3

28

24
Q@ G’—.

20 0 0° .32
❑ 2° .46

/6 @ 4° .60
A 6° .74

/2 ~“F ‘Q v 8° .88
. I& 10° /.03

8 @ .,

4‘
d ‘

-4‘

w
‘8—

k . .
-/2

=!%?’
-/60 10 20 30 40 50 60 70 80 90 K)O

f?ooliilposition,G inches

(%)J2=158.Z‘.

.

Figure10. - Continued.
.

\

.

.

,,

.

*
. . ...--,, . .. . . .. . ---. . ., .,.-.:.:. ,~. ..:.:- ,-: ---- .- ——

. .. .- -,”-,. .,... . :..,,- . -...:,,”.’ .’,,- .,. ,. .... . . . . ,.-



NACATN2192

424

m

/6

12

&

4

c

-4

-E

-/2

-K

-Zd

* CL
o 0° .Z
H 2° .46

0 4° ..60
A 6° .74

d - y v 8° .88‘

Et \

w

d ‘

4

w‘

10 20 30 40 50 6

/.03

+

RnW“jww?ion,~ imhes

(u L?d80.6°.

.

Figure/0. - Comw?d.

---1--

.

.
.— . .. —-. ..-.-..-.--— . _- .,----- _.-’_. —--, ---, ------- ., .,.- ..— --— —— ---

,, ..- .. .. .
-. ... - . ‘.. .$.:””. ‘. -”.”



.

‘@ IWC!ATN2192

.

R&w position,~ Ihches

Q) 0S203.00.

Figure10.- continued.

.

7

“

.

— .. . ..-. .... -, -., --- I.: .--.-”-–~: .-—q.’--”-7-- ‘- , ..— -
.. .. .. ,,--...,.- . . . . .. .. .’

. . .



NACATN2192

.

36

.
z

ae c~

,28 0 F 3—2

D 2“, .46

24 e 4° .60
A 6“ .74

20 v 8° .88 “
h /00 L03

/6 *~ -

8

4 .# /

d
o

E/
-4

.
.

Figure/0.- cOR?/hU8d’.

o. . — . ...7.—. ——,,-- y.- -,- —
--- - ------ ----

-—~
—. —- ——.. -.— -——

,. ..”.-‘.. ..,. , . . .“.1 ..’ ., ..’.. . ...”” ..-



NACATN2192

40 -

36
c?’ c’—.

a? o 0° .32

# ❑ 2° .46

28
A 6° .74

24 v 8°
h /0° /.03

m

f6 \
w~

J

.-

1 I I

“ FITl

.

.

Mdrnl posfiion,r, inches v.

iz) iG)”2472°.0
.

Flgum10. - Continued. ‘ ~

.

.

n

o-



36
T+
F1

24

&

/6

Ii

6

4

G

+

-6

~ +

o 0’ “ .32
❑ 2° .46

@ “ 4° .60.
A 6° .74

El- 14 /0° /.03

,

●

1 1 I I I I I I I I
10 20 30 40 50 60 7V 80 90 I(X)

(m)J2”270.1°.

F/gum10. - Continued.

.

— — - .. —,-. —.,-— . ..“-- ”--7-------“------—— ,.——___.———--,, .....................:..



NACATN2ig2

.

‘a

44

40

36

.32

28

s? h

16

/2 ‘

“8
m

4

00 10 ;

.

* &
o O* .32
❑ 2“ .46
@ 4* .60.
A 6° .74
v 8° .88
k /0° - /.03

.

,

I I I !
.50 60 70 8[ 9 /c

,.

9

.

.

Rm%l posti’ion,G inches
T ,

{~) J2=292.2°.
.

.

Figu?il?/0.-Com?hut?d.

.

.. -.--— -:----. .. . ... . . . . . . - .. :..”..,-“-.: “.. --.. .“. “..
.: ... . . . . ..... . . . .. - ..,. -.. . ... . . .



NACATN2192 83

40

36

32
d -

28 d -
w

.

!6

12 ‘ ,

8

4

00 -10 20 30 ‘

III
o 0° .32

❑ 2° .46
@ 4“ .60
A 6° .74
v 8“ .88
h /0° L03

Radial pasition,L inti

[0)4?”3147°.,

Figure/0. - Continued.

=Ev

. .

.-

.

.. ...— .-,-. .. .—.— .—. —. — ..—- -—7 -. - --.— --- .- —-—.. y—————

,..

— .— --- .—-. —- ----- —. -

..-
. . .;

. ..- . .
. ..’ ,. “,..”.



. .

84 HACATN2192

.

46

36

32

2a

24

m

16

/2

8

4

0 10 m 30. 4

a“
e 7
El 2°
e 4“
A 6°
v 8“
& /0”

c’

.72

.e

.60 ~

.74

.88

L03

, , ,
50 60 ~ d

Radialposition,~ inches

(0) @33z4°.

Figure10. - Concluded.

T
+

=+

A

,

.

.

. ~.. . ------ ..— -. ——.. -
.,-- y.. <. . .—: .:-----= -“— —-

. . ‘.!. .. ......,. ... , . .



lUCATN2192 , &

.
44

40’

36

32

28

$

Radialpasitim, r, inches

(iw=cio”.

FigureIL - Variationof angleof outflow,8, withradialposition
for severalanglesof attack. ml/mO, .29; 8f,-40°.

——. .. ——. -. .,—, --- —.~..— -. ~. . —. .— >.-—. .—-—. .-—-.— -—
. . . ... ,. . .

..-” .“: ...,..,-: ,.. ,...- . .



. NAM ‘m 2192 “ .

.

. H#
q) CL

@ ;. .;
❑ , 2° .99

\ e 4° /./7
A 6° /.35

\ v 8° /.52
h 10,0 1.67

\

.

*
) 30 40 50 60 70 80 90 /(

Radial position,f, inches

[b)n=22.5°. .

FigureIL - Continued
/



NACATN2192

44

40

36

32

26

24

26

;6

# Ue CL
o 7“ .;
❑ 2“ .99

B
d

Q 4“ /./7
A 6° 1.35

{~ v 8° f.52
A /0” 1.67

%

.

\

,

10 20 30 40 50 60 70 80 90 A
Radialposition,~ inches

.

FigureIL - Continued.

.

.

b .
.——,- ——.. — .—-- -—— -..... ,. -—.-. . . .

.’. .“.



8$ NACATN2192
.

44

40
.

% q

36 a 7 .;

❑ 2“ .99

32 Q 4“ /./7

A 6° /.35
$?b 28 v 8° /.52

%’ Cb 42° /.67

~’ 24
~

h~
*
*
v 16

/2 ‘ \

h ,
8

4

00 10 20 30 40 50 60 70 80 90 100
Rudialposition,G ides

.

(d J2=68.5°.

FigureIL - Continued.

.

.

,. . .- -p—.--: -.. . . ... . . ...,-:.-.:, ..- ~;,. -—
~., . -.:. .-, . .. . . . . .-. .:. .-. ., ..<.., ,,



Nr+

,

.

36

16

/2

8

4

6

-4

08 CL
o z .F
❑ 2“ .99

“o 4“ /./7

A 6° 1.35 .

v 8° /.52
k 10° 1.67

s

El

h
2 20 30 40 50 60 70 80 90 ~

Radialposition,G inches

(i?’J2=9Ll”.

. . .FigureIL - Continued.

........_ ------ .. . . . .-. _y — -—.= __ _=____ ... .-.,. . ..- ;, . , .< ... . . . — —- ---- ----- .-
.. . . .,. . ---- - ..



32

28

24

%

16

/2

&

4

G

-4

-6

-/2

o 0°

❑ 2°

e 4°
A 6°
v 8°

us CL—
.;

.99
/./7
/.35 ●

/.52
h 10° /.67

0-“

,

a

10 20 30 40 50. 60 ~ 60 % h
Radialposition,r, khes. .

..”

. .

. ,.

-— —,,., -.’, ,.z. .>.,.-<,,“... . -. ..,, .

.

__ ,.-— ..—. — ,77 ----- -—
- . ‘..



NACATN2192 91

.

.

.

-i

4 a@
o z
❑ 2“

e 4°
A 6°

v 8°

q

.;

.99

/./7

/.35

/.52

I I IA /0” /.67 I 1’I

\

/

h
. I

I
J 30 40 50 60 70 80 90 J

Radialposition,~ rhches

(g)0=)35.7°.
:.

FigureIL - Continued.

.

*

. .“....

. ..- ----- .. . ... ... ..— ~.— ..- . .. ... .-...—— —.—--- .— - - -- ——- ---- ---- .--— ---. . ,.. . ... ,
,. .“’. . . . . . . . . .,-



.

w IUC!ATN2192 ‘

.

II I qj CL—- EBa
20‘ a 0° .81

8
❑ 2° .99 “

16 e 4° /./7
A 6° 1.35

12 v. 8° 1.52 El.-

0- A /0° /.67

8 / n \ ,

Er
4

0 ~’ v I I Ilu. 7-I I IdI 1’

.

.

Radiofposition,c imhes

.

FigureIL - Continued.
“

. ,.

.,, ..!., -. ---z...-— -- —-- ;--- -., ----.,{. ..’:‘:-:., .-.. . .. . . ..,—-----. . . . ... ... . :.-. .. .. ... . .. . . .. . . .. .,. . .—.—..-. . . -. -



93

.

10 m 30 40 50 m 7080 90 1(

Uadi.1 pmifion,G imM

FigureIL - ContiM#.
.,

..-. . _________ .. . . . ----- ._-. ___ . -. - ----- ... .. — -- —— -—.- :- ;--- ---y. ----- -. .-— -—.,-. . ... -., .,, . .. ... - ‘ .,,- ..:...,.. . . .....*. .’. .,..,. ... . .. . .
—



*.” NACATN2192

-.

32

28

s
. .

20

/6

/2 @--

8
Er‘

\

4

0
d ‘

L

-4 /

d
‘8 /

-/20
W
10 20 30 ‘

u~ CL—
Q 0° .;
❑ 2° .99

Q 4° /./7
A 6° /.35
v 8° /.52
h 10° /.67

.

mL1 H

v v .7
A L h k’

Radialposition,G inches

FigureIL - Continued. :!. .,. ,

.
.

.-— —. .. ----- .,- . . —-. ..—:-,. .-.., .%....: . .—-.-..+------. .. . .>- .’ ,.. --“
; .. .. ., ,



,

36

32

28

24

m

16

/2

8

4

0

-4

-6

08

F
P
4°

6°

8°

/0°

CL—
.81

.99

/./7

/.35

o

13

e“
A

/.52

1.67. .

M

A-

/
d

k ‘

10 20 30 40 50 60 70 80 90 ~

FigureIL - Continued.

Radial position,~ thches

.
.

. ..- .. .. —-= —. —-- -—- . —-~.—— —-—----: -—- -! ... ---...—— -— —-” —- -
.. . . . -. ...%.’ .’ ... -,-...”, .. -.” .“... . . . ...



. .

96 IWCATN2192 ‘

a

36

32

26

24

20

/6

/2

&

4

0

-4

u~ c’

D 2° :99

h 10° 1.67

&“

d

10 20 30 40 50 60 ?0 80 90 loo

.

.

Radialposition,< inches

(1’ LQ=24z2°.

FigureIL - Continued.

c

.



.

u’ CL

o 7*“ .Z

e 4° /./7
A 6° /.35

v 8° 1.52
k /0” /.67 “

) 50 60 7
Radial position,~ inches

Figureii - co;finUed.

,

—,=-— .. ... . ---- — -~-. .. —- .——. -— —.. ——-
., ., ...., ....,-?-, ..

.

.——



NACATN2192

44

4

3t

z

24

24

%

/6

/2

8

4

0

.

4? CL
o G .;
❑ 2“ .99
Q 4“ /./7

10 20 30 40 ~ 60 70 8
.

Radialposition,~ inches

(d-J&292.2°‘●

FigureIL - Continued.

—. ..-. .—=,. .- . ..—---- , —T . . . . . ___.“,..”...-.-.. ..., ,...:. ... .. -:.:.~ .. . . .,., ....- . . .. .



. .

44

40

36

32

28

24

20

/6

/2

6

4

c > 2030405060 ?Vt
Ri70wposition,~ IMes

(0)4/”3/4.7°.

FigureIL - Continued.

.

)

-— —.. — .——. —— . —- , ~ -. .——. —.. .
.“., .

..... . -“.. , . .. . ..... .“.



100 NACATN2192

44

40

36

32

28

al

20

16

/2

8

4

0

I I I I I I I I I I I I

I BEI I I I I I I 1 I I I I

*WI+
\ .

Q 4° /./7
& A 6° /.35

Er
— v 8° /.52

h /0” /.67
a \&

\

. -Q
.“

.

.

Radialposition,G inches

(p)af2”33z4°.

FigureIL - Concluded.

., ’.....“m-”!”“...,-.”:-. r-- .”,: ‘.-.”. “:.”,-- .- .”,
.._- .... ----

:,. . . ... . . . . . . .... . .....”....... ‘.



NACATN2192 101

40

36

32

28

24

20

/6

/2

&

4

c

Radial position,r, inches

(4 0=359.8°.

Fbgure/2. - Variationof angleof
for severalangles of offock.

,

oufflow,0, wifhradialposifion
ml/me, .14; &f, OO.

-—-..= ------- -. - ——= .-. -..——-=. —.—— — ~., ..— _—— -— . ...——-. _.—
. !, ,.

.’ ... ,-



102 NAC!ATM2192

. 44

40

36

32

28

a?

20

16

1 I — mI I 1

I u I WIQ
.

00 10 20 30 40 50 60 ?V 80 90 I(W
Ratio! pmitlon,G ihes

.

(b) J2=45.3*. t

Figure/2.- Continued.

.

.

..

__ -= ..- -.. . _—.- -.----- .. . ..... . . .-. . --- . - ., . -.. —-= .-. ——
.’. - .... ......””.-. .. .. . ,:.. ..;..-. .,. ... . . . . .. .. . ,.



NACATN21~

24

16

/2

&

4

6

*

2“
4°

6°

8“

/0°

C’

3—2

.46

.60‘

.74

/.03

Radialposfiion~< inches

(C) J2=90.6°.

Figure12.- Continued.

------- -y. - _— — -... — .—— —- .- y-— -—.. —— --- .--— — -—....__—— .. .—. . ... -.’ “- ----.



i

i

i

.

.

o@ CL. . —.
o o“ .32
El 2* .46
@ 4“ .60

6“ .74
8“ .88

/0” /.03
t-t

I
) 60 70 80 90 k

Radialposition,~ inches

FigurelZ. - Confhued.

.

0

.

—.-—. --—- --— -.7— -- . ..— ..— — _—

,- .,.

.. --,..- . ----- . . . . ..—. — .. -..> , -—

.-’ ..“.. .“:......... ...-. ... ..>”-’..,. . .L“. . . . .



,

.

105
.

1
. 4? Q—.

o 0° .32
❑ 2“ .46

1~
e 4° .60

. . .
A 6° .74

\ v 8° .88 “
h 10° /.03

J
\

.
\

h /

&/

d

I.- -- -- ----- -- ——.——
/(2 .ZU 50 40 50 60 70 80 90 !00

Radial jwsifim,G rnches

Figure12.- Continued.

.

,

.$””.

.- .——-.-.— . ..—.-=-——..—— --— — .- ..—. -—— .— z... —.—.—- . . .-

.’, . ..:. . . . . .. .



●

2&

2%

2L

16

/2

6

4

G

-4

-6

-/2

-16

IUCA!CIV2192 .

❑ 2° .46

A 6° 74 ,

..

c

L

.

“ y
10 20 30 40 50 60 70 80 90 1(

Radialposition,G inchm

FigureE - Contthued.
I

●

, . - -. .-,,--- -— ,. .. ... . . . .“-- -..-:--... ---—-- ...—*.*,, .,, .. .. . .:-. .. ..- .’.... ..-,.



NACATN2192 107

/6

/2

6

4

G

-4
t 4

TIT
ae
;

- 2°

4“

6°

8°

/0°

c~—
.32

.46

.60

.74

.88 -

/.03

.

t 50 60 70 t
Radial position,Ginches

(g) 0=269.8 0.

~/@743/’2.- cO/lthU8d.

.

.._.. _ ...— —_= .._ —.- ---.. . . . . . . . . —— .. ..— —.. -—-- -——...- ,----- .‘- .,..,....- . . .. . . . . . . .. . . . . . . . .



\

NACATN2192

.

Figure~2.- Concluded.

Q’ q—— I I
0 0° .32

❑ 2° .46 “

e ’40 .60 .

A 6° .74

v 8° .88

& 10° /.03
K

Radialposition,L inches

/

.

———. ...!”.-. ..—- ..,.,., . ; y. .-. .-”. ,“’ -. .”.-
.“- .,. ,.. . ..-. ..-. ,..,

.—-



.109

10 20 30 40 50 (50 70 t
Radialpasition,~ inches

$......
.

(40=359.8°.

Figure13.- Variationof angleof outflow,8, withradialposition●

for severalonglesof attack. ml/mO, .14; 8f, 40°.

.

. ----- .- —-- . ..___.—. .—— -.. -. —-- -.-z . -—-— .

‘. r. -. ---- ,., .
—.

.. . . . .. ,’. .,, ...?. . . .



I?ACATN2192

I I I I I

A 6* 1.35

‘8 v 8° /.52
h W 1.67

M“

‘Hll_
/2

Rudialposihim,Ginches

(b) @45.3° .

Figure/3. - Continued

,



NACATN2192

I I I I as q— — I I
❑ P .99

A 6“ /.35

A /0” 1.67 .

} }

P+4Ax-

Lq =+5=’
10 20 30 40 50 60 70 80 go’ /..

Figure13.- Continued

.

Rc70ii71postllon,r, irities

(C) 4?s90.6°.

/

. . . . .. .. . . —— - .— - .——.- ~-——————~,~— -— — -~ - —- .—.
. . .. . .’ . :.,,.,.-.q,,. .. .,,- ,.- .



I?ACATN2192

.

Radialposition,r, inches
.

,

Figure/3. - Continued

.

.

.— _ . . . . . . ..=.-.. .. ...— -T—r — —.—. — ——

:. . .. ---- . . . . . .. . . . . . . . . . . ....”’ . .,, .. . . :.. ‘.- -- ., ,.. .



9

u)
WI

.

.

7

-J

10 20 30 40 t

o
❑ 2° .99

0 4° /./7
A 6° 1.35
v 8° 1.52
@b /0° 1.67

I
) 60 70 80 90 f{

A

v

Radialposition,~ im%+s

(e)J2=180.0°.

Figure/3. - Cent..nued
.

------- .- —— .—., --- -..,. . . — .- ..— —.-
.. . . . .. . . .— ---. .. .

.’. . . . .. . . ... .,



0

NACATN21$Z?

.

-.
Z4

26

/6

/2

6

4

0

-4

-&

-/2

+6
.

10 20 m 4

❑ 2° .99

e 4“ /./7
A 6° /.35
v 8° /.52
h /0° /.67

B
1

a m
G

.

I

I
50 60 70 80 90 Z

Radialposition,G inches
.

(OJ?”2Z5.0”.
.

Figure13.- Continued’..

,

#

?

.

.

.

.



IUCATN2192 . 115

#

%’

.

36

32

28

24

16

/2 I

8

-4

u

‘O 10 20 30 40 50 60 70 80 90 100

*

Figure/3. - Cont!nued

.. . .. ..— ..— --- . .— - ..— —- —-. ..-= -—--= -—— ,-y-~ --- ——..—. -— —— -—-. --—_ -
..” .,. “ .. -,. .---- ..



NACATN2192

.

Radialpm?ibn,r, itis

(h),J2=3/4.9°..

u

Figure13.- GoncMed.

.

—--— . . . .. .. . . —=. ~.~ ..——~.- ,., - .,. .- . ... . .. .,.—— -— - —.
.: ..<. .- ..+ . . .. . ., ..,- . ..’.. ..... ... . ..



.

.

NMA TN2192 117

22
* c’——

20 0 0’ .32
❑ 2“ .46

L8 e 4° .60
A 6° .74

/.6 v 8“ .88 .
h lo” /.03

/.4“
:Q

‘- /.2
“-
;

I.o
.*
s
~

.
.8

.4

2 ‘

00 10 m 30 40 50 ,60 70 80 SW 100
Rad%lpowfio~,< inches

I
(i7jJ2=o.o” .

.. Figure/4. - Variationof velocityratio, ~/P&, withrodialposition
for severalanglesof attack. ml/mo, .29; ~,” OO.

●

.

..— --- .—--.— -.- —-c . . .—. - .- .—
. . . . . ,.

. . .—— —------ -—

,..
.:.

,.. . . . . .
.,. , , . . . . . . .



IJ8 NACATN2192

.

22

20
* CL—.

/.8 o 0° .32
D 2° .46

1.6 @ 4° .60
A 6° .74

L4 v 8“ .88
h /0° /.03

/’2 .
I

.6

.4 I

.2 I

1
00 iO 20 30 40 50 60 70 80 90 00

Radial pmition,~ inches “

Figure14. - Continued.

.-. ..._.r_. . . . ...7..... .: .. .-,; -7- ..: -. .--— --
.. ”-’-,:-. ,—,-...”.. . . . . .. . . . . . . . .,.



IIMCATN2192 A llg

22 ,

20
Q“ q—.

1.8 0 0° .32
❑ “2° .46 .

L6
A 6° .74

L4 v 8° .88

y b /0° /.03

s /2
●

“g
Q

10
&“s
~
~ .8

.4

.2

.

00 /0 20 30 40 50 m 70 60 ’90 100
Rudiolposition,G inches

.

Flgum/4. - COntinU8d.
.

.. .---— —.. .- —-:-- —-—- .——.. --— --.—---- -- - -
. . .. -



lWICATN2152

“

.

.

a6
G 0°
❑ 2°
e 4°
A 6“
v 8°
h /0°

q

3—2

.46

.60

.74

-.88

/.03

Radialposition,4 inches

(i#OF68.50.

,

.

.

0

.

Hgun??/4. - continued.

,,. .—. -..-=- - --_, _.*L_e.
?: . . .

:. - . ....= .—. —— .-—.-. —----
,.. - . ... -, .. .. . . . . . . !,., -..+- , . -. ~.. . . . . . . .. . .



I?ACATN2192 EL

.

% CL——
a 0° .32
m 2° .46

e 4° .60
A 6° .74

v 8° .88
A /0° ‘ /.03

R

Radialposition,~ inches

(8)J2=91/”.

Figure/4. - Continued.

●

o

.
.

-- . . . . -. --— -- —.-— ,—-;---- ,-. .—— .. —---- -. -.-.-,-- ..—--- —— —------- ----—-.. ,-.. . . . . . . . .“. ,., ... , -.



122 IUCATN2192

.

I I I I
00 10 20 30 40 50 60 m m 90 no

Radialposition,G inches

(f) J2=/’13.4°.

Figure/4. - Continued.

~.-.~.. . . . ------ y- . .. -—— — ,-- --—. . .., ...:.,.,. ., ---. .“ .
. . .. ’”. ,.,...



.

NACATN 21X 123

.

u@

o 0°

❑ 2°

e 4°
A 6“
v 8“
f4 /0°

q -
—

.32

.46

.60

.74

.88

/.03

H+
RF

RUO’IWposflim,r, inches

(g) J2”135.7°b

Figure/4. - Continued.
.

.

..- . .. -—.- .. -.---. ——,—. - ~ ---+. . —. . . . —-. ..— -...-....——— -- —— --
... ,, . .. ,.

... .. . . . .



NACATN2192
●

.

.

4

Q“ c~——
0 0° .32
El 2° .46
Q 4° .60
A 6° .74
v 8° .88
h 10° L03

10 20 30 4

Figure/4. - Continued.

T.
.

,

*

. .

.

.

.

,

---- . . . . .-..,-;.. ---,- e-.. --.——.—- -——
. . .. . . .,, .

.,.



I?ACATN2192 125

.

/0 20 30 40 50 60 70 80 w IL
Radialposition,4 inches

(i)a“180.6°.

Figure/4. - continued.

.—. ____ ..—. _. ___ .--,, — —:7— . . . . .. —,-....

. .

. ...” , .- .--m::-,-;- - --...—.-———. ______-_
.’



NACATM2192

●

Radialposition,4 khes

.

7

.4

.
.

Flgum14. - COntinU@d.



IiACATN2192 127

.

22

20
Q? CL—.

1.8
El

[6
A 6° .74

14
# h /0° /.03

/2

10

.8

.6 g

.4
●

.2

00 10 20 30 40 50 60 m 80 90 100
Radialpositko,f, inches

(k) J2u2256°● .

.

Figure/4. - Cont!nued.

.-— -— --- . . . .— —=.- — —,.. — ---- -—— .—-— —, - .’-——-—— ---- ——-.
.. ”.,. ““,.,... ....,.-.,4 . .

,. . .



. NACATN2192

22
,

20
% CL——

m
❑ 2° .46

L6 e 4° - .60
A 6° .74

L4 v 8° .88
& /0° /.03

/2

Lo

,.8

.6

.4

.2

00 10 20 30 40 50 60 70 80 90 I(
Ra@ialposition,< inches

Figure/4. - Continued.

.

,---- .. -..,-’ -’...“-——-----Y. .- . . . . . . . .. , -—, -- - . —. —,— .. ..-_
-. ..,- . . ...’.----....... .’,~.. . . . . . . .



IWCATN2192 129

.

22

20
U6 q—.

/.8
❑ 2“ .46

.
16

A 6° .74

1.4 . v 8° .88
~~ h 10° /.03

; 12

$
.* ‘o
$
2 .8

k
.6 E=

.4

.2

10”20 30 40 50 60 70 ~ 90 1~
Radial position,G incks

(hi+)J2”270/0. .

“

Figure/4. - Continued.
.,

.

.

---- .,--- -- --: -——-—— .- .-.-——. .-—+ . . ... -.., .-- —--— —.--.—— .—-. - _
.- .. . . . -. ,., ..-. . . . .



c

130

,.

I?ACATN2192

●

10 20 2

U6 CL—.
o 0° .32
“n 2° .46
0 4° .60
A 6° .74 ,

,00~ tit
W’”8”
A

.

.

.

=qi?=

I 40 50 60 70 ~0 90 k
Radialposition,r, inches

(~) J2=292.2:

G

.

.

.

0

Figure/4. - Continued.



NACATN2192’ 131

22-

20-
a@ c~

18
a 2° .46 “

16 e 4“ .60
●

A 6° .74

1.4
~o b /0° /.03
s

/2o’.*
s
* /.0“-
~
s

.8

.4

z

00 /0 m 30 50607V 8090 100
Radiolposition,~ inctis

(0)a=3147°. .

Figure14. - Continued.

.

. . . ----- . .—-x —-—--- --— J -,- ----- - - -. —.- -- —..- - ------ -- . —
. .,.. .,,



132 NACATN2192

2°

4°

6°

8°

CL—
.32
.46
.60
.74
.88

I I I k /0° /.03 .

10 20 30 40 50 60 iV ~ 90 1(
R“o’iulposition,4 indes

(a)J2”33z4°.

.
.

Figure14. - Concluded.

.

.-.. —.,.,. ------- ..— -.
...- :..”.,......-.--,:....-.,--,, ----T

-. -“.—-: .-, .,- =-~ —- -. —--
. . . . . . .. .



.

,:ri

,.

.’ .

‘“!-
,.

J

8ttlt ac$w EEm
w x I 1 I I I I I I I I I I I J
Q

.

1.

I



.

134 NACA!CN2192

22

26

id

16

L4

/2

/.0

.8

.6

.4

2

0

I I I A

. Q“
—

0°

2°

4°

6°

8°

.99

/./7

/.35

1.52

I

,

h 10° 1.67

I I 1

I
10 20 30 40 50 @ 70 80 90 02

Rao’rnlposition,c inches
.

,’

(b)J2=22.5°.

Figure15.- Continued.

.

.

-.. . ~— . . . .. . .-.-, . :.. f:. . :,,. . . .. . ., .,..:, . “.:-.:.””s -- :- T——- “ - -“—”,..-’ .-... .. . .,- .,. :. . .



.

NACATN2192 135 .
,

22

20

18

16
-A 6° /.35

/.4
~o BS 10” 1.67.
= 12.

$
.* 1“0
8
g

.8

.4“

2 -

00 10 20 30 40 50 60 70 80 90 /00
AWial position,G inties

,

(C)J2=452*..

Figu. 15.- Continued.
.

.

.

—---- .— —---------. - .- —.— ---— .- y-- ..-.--— — .— —-— -..-.-——. .-
. . ,.

. .



136 WI(2ATN2192

22

20
u’ CL—

L8
❑ 2° .99

16 e 4° /./7

A 6° 1.35

L4
h 10° /.67

/2

/0 — —

.8

.4

.2

’208 30 40 50 60 70 80 W kW
Rao’iulposition,r, inch-,

(@J2=68.5”.

.

c~9ff~~s.- Continued.
.

.

...-— — .—~... . . ———----~ — -.—
-..4. . .‘..,, -=.- .- “~ .‘.T,-7- ,..,...-. . .J....,.- .,. . . . . . ., . . .... . ‘*...*, .



NACATN2192 137
.

C6
d

,

.

.

Figure/5. - Continued.
.

-- ——-. .—--- , -., -- ..— :—;-—. —-77-7=%-- . —. —--— --- —. -—-. —--
,. ,.

.!. .,, ..:. . . . . . . . . .-. -., .’
——.. ---



138 1 NACATN2192

.

22

20
Q’ 6’ “—

M o 0° .F

❑ 2° .99

16 o 4° /./7

A 6° . 1.35

/.4 v. 8° /.52

h 10° /.67

12

10

.8

.6 —@

.4

2

. =$s=

00 10 20 30 40 50 60 70 80 90 100
Ratialpo@ion,< inches

(’f)J2=113.4*. .
,

Figure15.- Continued.

.

●

“

.

.

.-

,.. —.-... . . .-—’ ——,-—-... - .-,.~..: -.-”- “.=:,:--’-----.. . . ...-. :. .. .... . . ,.. . .,. . .-,,



NACATN2192 139

I

Q@ CL
o T“ .Z
El 2° .99

0 4° /./7

A 6° /.35

v 8° /.52
b /0° 1.67 .

.

.

2 40 50 60 70 80 90 /(
Radio/position,4 inches

(’g)a=/35.7°.

Figure15.- Continued.

.

--- . .. --- .-, - ---—— -- —--- ,---- . . -———. . --. .-.—_L --..” . ... .,.



.

.
140 IWCATN2192

.

.Z \

I
20- 30 40 50 60 70 80 90 100

Radialposfiion,r, indes
.

(h)&158.2‘.

Figure15.- Continued

..-.=.=-----,--- ., ---- ...- .. . ——. - - .-——-... . . .. . . . “..,-”,-:...-.”“:, . .‘.. -,!. ...’

.

.

.



..

NACATM2192 141

22

.
20

a“ CL

L8‘ o 7“ .G

El 2° .99

L6 e 4° /./7
A 6° /.35

14 v 8° 1.52
PS /0°, 1.67

12

10

.8— —

.6

.4

.2

00 10 20 30 40 50 60 70 80 90 /00
Radialposition,~ inc+w?

(i)0“180.6°.

Figure15.- Continued. “
a

,

. . .---- ----- --v-——:-- -, . —-. — -—--,. =.----— ———- - - -— ---—
.. . . ..,.. . .-, ”‘.. .,.:. -..’ . ... ..,. -



142 ITACATN2192

.

.6

.6

.4

.2

G

-

--8

a~ CL

❑ 2° .99

A 6° /.35

A 10* /.67.

.

r

.
.

I
20 30 40 50 60 70 80 90 h

.
.

.

#

Radialposition,r, inches

@ sQ”203.0°.

.
.

Figure/5.- Continued

.
— :...-..: -. .-.;.. ..-.~. . . . . .,. , —— --,—-.,. *r..., ,.. - ,.,... . .. . ...! .. . ,: . . . . . .



NACATN2192 143

2.2

20

/.6

\

.6

.6

.4

.2

t

a“ q

El 2° .99

A

k’ /0” /.67

.

/0 20 30 40 50 60 70 80 90 /00
Radialpostiion,< inches

.

(k) J2=22560. .

Figure15.- Continued.
1

0

..-. .-- .--,.- .- —-- .— -- ~------- -r _.. _._— --T.—, . _— - . . . . . ..-

.: .,. . . . . ,-..
. .

. ..- ,., . . . ..- . .



144 NACATN2192

22

20
ae CL—

18 0 0° .;

❑ 2° _ .99

16 e 4° /./7

A 6° /.35

L4 v 8° 1.52
S=
\ h /0° /.67
L’

L2
Q’ .
a
Q
.* /.0
$ &,
9

.8

&
.

.6

.4

.2 (1
. “

I
‘O 10 20 30 40 50 ~ 70 80 90 100

Radialpostiion,c inches

(T’ J2=24Z2”.

0

.

Figure15.- Continued..

.

,. ~:,;.-:-: -.7:- “ . . .;. r . . ..--.:~.-,.. - ;::Ta-.-~.— ---— ,.— -

. . . . . . ,. .%. ,., ... ,.



IUCATN2192 145

.

.-

2.2

20

1.8

16

L4

12

1.6

.6

.6

.4

.2

c

.

. .

0

El

0

A

u’

z“
2°

4°

6°“

8°

q

.Z

.99

1.r7

/.35

/.52

h /0° /.67

Radialposfiion,L )hches

(m) J)=z?al”●

.

Figure15.- Continued.

0

E

I

70

.

. . . . .-. — .-. —.-.. —---- ---- -—-—.— - .-— — —. . . ——— ..—_.. .
.,, ,, .’----- -. .....’ :..



146 NACATN2192

/

22 .

20‘

18

v16

L4‘

12

Lo

.8

&
.6

.4

.2

00 10 20 30 40 50 60 70 80 90 /00
Radialposition,c thches

.

(h) J2=292.2°.

Figu. E - continued.

.. -.,..

0

.. . . . .. -—. --- -—.. .— ----

.> ..., ?..”. -...-...

.

“

.

.

.

9



IWCATN2192 lW( -

22

20
O* CL

18 o “& .;

El 2“ .99

16 0 4° /./7

A 6° 1.35

14 v 8° 1.52
k /0° 1.67

12 I I I

1 I I I I 1 I I

10

.8

.6

.4

.2“

Radialposition,r, inches

(0)J2’314.7°.
1

Figure15.- Continued.

---- .__. . . . . . _____ ---- . .... _._. ----- -c_ ..-----., -: .— --—-
.,. , T- — ,---- ----

:.. - .- ,”. . . . . ,-. . . .



NACATN2192

10 20 30 40 50 60 70 80 90 /00
Radial position,G inches

(z” a=33z4°.

J%JU?W/5 - Goncf’ded

——. .- -. -._—. . .... — - - .-, ..- —--- . -——
. . . . . . . .. . ,-. . . .. ... ,.” “.”...

.

.

.



NACATN2192

.

22

20

.6

.6

.4

J

c

06 CL—.

❑ 2° .46 t

A 6° .74

h /0° /.03

#d

v

10 EU 30 40 50 60 70 80 90 100
Radialposition,< inch%s

(o? 0=359.8°.
.

16.- Variation of velocity ratio, ~ /G, with radio?
several angles of attack. m,/mOJ.14; Br, OO.

.

position

— —----- —--- .— - -—--— —— -,— — —— —.—... —-- —.— ———- ------J’,-...”....- . ,.. ,.



●

150 IUCATN2192

/0 20 3

A 6° .74

w 8° .88
h /0° /.03

I 40 50 60 R
Radialposition,~ indes

.

,

9

.

m

Figure16.- Continued.

#

--- .. .—-—. . ... . .. .... .. . . . ... . ---— ----- —-.--—4-.,,....” ..-. .,,’.. . . ., .....~.”-



NACATN-2192 151
.

f?aoWposition,c inches

(C) ~ =90.6”,

Figure/6. -0 Continued”

. . . —...- ------ . .. —- -.. .——. ---- —.—.———— .---- —---———-- -- —-——,,, , ,.. . . ,.
.,. . . ...’ .-. . . . .



152 NACATN2192

. .

22-

2!0
Q* CL

18
❑ 2° .46

L6
A 6“ .74

/.4 w 8“ .88

h /0° /.03

L2

10
r

.

.8

.6
& V

-4

.2

,

Radialposiiion,c ides

(@ S(2=/356?

Figure16.- Continued

.

.

0

.

.

.

.-. .—..— .,-.--—- ,-.. ..”— ----- -: .-. y.—~. —- --.: -;.—--..7. . . . . . . . c----- . . . ,.. -. . . . .. . . . . ..- ,.-,



I?ACATN2192
.

4? CL—.
0“0° .32
D 2° .46.
@ 4° .60
A 6° .74
v 8° .88
h 10° L03)

.

.

10 20 30 40 50 60 70 80 90 /(
Radialposition;G inches

(i?)L?=/80.0°.
.

.

.

Figure16.- Continued

.

.. . . . . . —.- .—— -- -— —.- —-. -.— —. ... —-.—--— . . ..-.~— --—— —- - ._ ..-
$

,. ..’:. . . . . . .-” .-.



NACATN2192

.

22

20

/.8

16

14

/2

Lo

.8

.6

.4

.2

00 fo 20 :

4? c~—.
o o“ .32

D 2° .46 .

“* 4° .60

A 6“ 74
v P .88
PA /0° /.03

40 50 60 ;
Radialposition,~ inches

I
80 90 1~

(~ J2=225.0°.
.

Figure16.- continued

.
—.—--— . . ..—.. . .. . .. . .-. ..-, . . ----- .-‘-,-.,-.: . .. . .---::”.-: .-, . ,,-””-.. . . . --- ‘- .. !.,.. . . . . .. ,’ .



NACATN2192 155

2.2

20
ae CL

/.8
❑ 2° .46

L6
A 6“ .74

14 v 8° .88,
~Q h 10° /.03
4 .
L 12Q’
s
$ 10
~
2

.8

.6

.4

.2

00 10 20 30 40 50 60 70 80 90 It
Radio/posifion,’~inches

(g) 0=269.80e

FigUn916.- Continwd
“

. .

0

. ---- ------ .—- . _______ ______—. ~. .— . —---- -——___ .—.- ... . . .. . ...,- .,. .,- . . ..,.



,

!

2.2

20
u@ CL——

18 0 O* .32
❑ 2° .46

16 ? 4° .60
A 6° .74

L4 v 8° .88
~~ h 10° /.03
s .
. L2 I I 1

.6
.

.4

.2

1

Radiulposition,r, inches 9

.

(h) J2=314.9°,

figure 16.- Concluded.

.

----- , -— p---- --——
.“ .. -,- >. .4..., , ...:---,, .“-. ”..- .-, -. . ...



NACATN2192

26

/.6

.

.4

.1

ae
%

2°

4.0
6°
8°
/0°

.81

.99

/./7

/.35

/.52
/.67

E

i!!i

1
10 20 30 40 50 60 70 80 90 4 o

(o! J2=359.8°. ,

.

FigureIZ - Variationof velocity“ratio,If/~, withradialposition
for severalanglesof attack m,/mo, .14; &f,40°.

(J

! .

----- ,. . . . . . —.- --- .T y-—-—-- - .. —--..-.--.-..-? --—— —-—. —— ------.--.. . ... . .:”. .-., ,. ..-, . .



1* lMCATM2192

22

20
Q@ 6“—

/’.6

❑ 2° .99

16 o 4° /./7
A 6° 1.35

L4
h /0° 1.67-

L2‘
.

10

.6

.6

.4“

2

Radial&70SitiOn,/j incb%s

F@ureIZ - Continued.

0

- — —- - .. .... . . . . .... . ... . ... —.=. -- s--— --—-,,’, . . ..-... . .:-,----- :.. . ,..-.,: ,=-—-- .- . .-— —,..,-. . ,----- ,. .. .. . . .



lMCATN2192 159

6° L35 ‘

10 20 30 40 50 60 m 80 90 1(
Radialposition,5 inches

(C) J2=90.6”.

Fiure H - Continued
,

L

o

-- .- —— --.—- --— ..-— .—. —.— ., p .—--—,— .y---.—— .—..— -.. . _
. . . .. .. . ..- . . . . . .



160 IIMCATN2192

22

20
qj CL

18 o Y ..;

❑ 2° .99 -

1.6 ‘e 4° /./7
A 6° /.35 . .

~Q f.4 w 8° /.52
\
s h /0° /.67

~’ /2
,

a~

& Lo.%
$
g

.8
I

.6
.

.4‘

2

‘O 10 20 30 40 50 60
1

~70 80 90 00

.

Radialposition,G iwhes
.

u

FigureH - Continued. -

)
,,, .. —.- .—. .-- .—..- ,. -..-,- ——--- -— —--

.. . . . . ,“ , .- :. ,- - . ..”-.. ., :. .. 4.. . .. - “..”. .-



.

L

-.

q -

.Z

.99

/./7 M=
I I I A 6° 1.35 I I I

v 8° /.52
eb /0° /.67

/

I
1

10 20 30 40 50 60 70 80 90 A
a

Radialposition,r, inches

(e) 0s180.0”.

F@ureIZ - Continued

.

0

... -- —-.-. —-. -—-——- ----- ..—~——.—.—.-— - - - .—— ——— —— - -—-- -
..-



162 NACATN2192

9

s

22

20
Q@ .CL ‘

w a 7“ .;

❑ 2°. .99

16 @ 4° /./7

A 6° /.35

14‘ v 8° /.5?
eb /0° /.67 .

k2
..

10
!

.U

.6 “

.4

2

T

.

.

00 10 20 30 40 50 60 70 80 90
L 1 I 1 I 1 I 1 1 I 4

/00
b

Ruo’ialposition,r, inches

u

F~ufe M - Continued. .

.

—. . . ,.. .— .= .;-.;..,,, ..-~. . . .. .. . . . . .. .. . .. . . . . ..... ... .-.-’”, -- -- —--
.“.-.,”:-. . .. .. .



IWCATN2192 163

10 20 30 40 50 60 70 80 90 I(
*

Radialposition,r, inches

FigureIZ - Continued.

0

.-— ..—.2_. .._,.—,— --..——- -=-.-—— -—.- --7 — -- - --- - —------t. —-—. — _____
., . . . .,. -



IWCATN2192
.

2G
Cqj c’—

o 0°

❑ 2°

e 4°
A 6°
v 8°
h /0°

.81

.99

/./7

/.35
/.52
1.67

IO 20 30 40 50 60 70 80 90 1(

.6

.4

.2

0

Radialposition,~ inches

F@ureIZ - Concluded.

-1

.- -—— - 4.,--.... --.: ---- .. . ..-
—— , “: n-:. -.= —~— ,...=—— —..-...-.“~...- ,., ...’ :.. . . . .“, .



NACATN2192

a@=O”

. 165

.

.

@fJ”
1 16i26040’290 zt940fm m

RaohlposY”m,~ Ihd?s

F- /8.- Contoursof the angle
for. sewal angles of attack.

of rotationalflow,*, at
ml/mO, 0.29; ~f, OO.

--

the survey akk

.——. — . . . ...+ --.— y-— . --:. —---- -——. - -....—.. . ,..



.

166 NACATN2192

.

.

+=0” aIe=60

~=lo”
I 1806v40mo/w406v &o

Radial positiw?,~ ihches

Ggu= 19.– Contoursof the angleof oufflow,@, at the surveydiskfor
severalonglesof attack. ml/mO, 0.29; ~f, OO.

,:. . .,..::-”” ,-: -.-::“--.-.”-------. .”---- -’ .;.-.-,=-.--T-- .—
,.

,...— --.—
.- .,------ ,,.,.., . .. .. . ;



NACATN2192 i67

4

q#

.

q=lv
k 1mmwmomrifom w

RL7aialp“Xt7n,G iies
=s=’

.
figure20- Contoursof the veloui’yratio, lf /~, of the surveydiskfor

severalanglesof attack. ml/w, 029; 8f, OO.

._ ..- —------- ...—. .,._ ..,. . --—-— ———-—. —.. - . . . . _.,: ..,... . ..-.. .. . ,.. -

*



.

0

—— .-
..- ,.. .. . . -----...-. .-.. ..,.:, .. —.-- :------. .,-------- -..

‘.. :.. -.,. . .. — ---.../-..



NACATN2192 169

(ze=e

Qa=/o” .
,

806r242230 tm406v 60’
RaoWpositim, G hches

F~e 22- Contoursof the angleof sidewash,r, at the surveydisk for
sevemlanglesof attack. ml/mO, 0.29; #f, OO.

u

.

. . . . _ . .. .. .. ._. - .. . —- . -— .. ---- ---,——————-—~ —— —.— ------
... . . . .. . . . . ... ”-



170 MACATN2192 ‘

(dAngle of mtdmal fi~ & akg. (1 AngleofwMow4 deg.

a

.

—8,=0”
—-a, =W

. =5=
R@ms23- Cbm’oumof the flowpommeh?rsat the surveydid for two

wing-flapdef&ctions.~, 0: -

.——. — — —.—--- ,.. — ---.—.. . . . . . . . . . ..— ..— —-—., ------. . ...-.’- -. . . . . . .. . . .



NACATN2192 171

.

x .x I r .1 2-.k -. ,2 2

b)MbciYydo, ~/~.
i 6om40zo ozo 40&v&J 4

Radial position,~ imhes

A&we24- Contoursof the flow parameters
conditionsaf a constantlift coefficientof

— Qe.lo:8,=0”
—%=2: 8’=40”

at the surveydisk for two
approximatelyI.O.

#

.- -— —~,—---T. .—. —— .--..— .—-—-— -
,.. -. ..”..-, ‘... . . ... . . . ,...”.- .. .. . .-



l’p ITACATN2192

,

(iiAngleofwhTkw4 deg.

—@l=.z9
—44=.14

F~re 25- Cbnfou~of the flow pammetersat the surveydiskfor two nacelle
inlet mass-flowmtios. Q& 0; 8f, @.

.-. , --,—--- -.. ,..,> ‘. ...:-. --..:;. .“ ,<’. .- =4”. . . . -.-T- -,—.
. . . . . . . . . . . ,.~,

.



c

“1
I

I
.:I

.,
i
“,

.J
1

I
!
,.

“1“
‘1

I
I

Lift coefficient, CL

Fi’gum 26.-Variation of angle of UpWCJSh witi lift coeffkk’ for two wing-
flqo aWlections.

El

I



“+,
.,
,!

, ~i
,.
.“
,.,

---

Percent semispan

sF)&ure 27. - A comparison, at the horizontal center line of

of experimental and computed upwi?sh angles. ae, 6°;

&, o? CL, 0.74.

the survey disk,
ml/m~, 029;

.s
-w

.

“s

. 1. I



.

●

1 I

‘1 “
!

I
I

\

I

---

6

4 r

\. /

2 — — ~ —

i

---

. ~

--- __ .

\
,

‘Theoretic,

‘o /0 20 30

\ / “ Experltnentol

F1 I rl--4.Jlllll II, , 1 1 1 1 1

~

Q 50 60 70 m go ~

Percent semispon

Figure 28. - Upwash trngk Incmtnent,, ot the horkontaf
survey dish, due to wing-flap deflectio~l of 4@.

center line of the

*



176 NACATN21$X?

-.

/./ ~

<.

1.0

\
.9

.80 Go “ 80 120 /60 200 240 280 320 360

Angu/’arposition,~, o’eg

Figure 29. ‘Variafion, at the 55.3-inch radial station)-of the
flow parameterswith angularposition. a~, too;&, OO; ~
~]/~0#o.zg.

.

.

. ,,...,. .--.. ____ ------ . .. .-, - .- . . .-:. -”.-” ,-. ‘.-.. ““”-—77----‘. “.... ‘ .. . ,-.. . . .



NACATN2192 177
,

.

.28

.24

.20

-.08

t
I I

Hi&tt-1

I /’ = .
‘\.) \ 8\

\ IF –measured velocities and

/ ~\ measuredflowangles. -
/ \ I I I

\ ,+xperimenta/
[1 \

\
wake-surveydafo.

Y
11/,r \

\
\

/ — A
// \ \

N. A

I
no induced flow angles. \ \

i Y I

I

M\l l’”
\ A

.

I rcc-a[r GWII vwmwtyuftu— /
measuredflow angles. L / ~

y%y
o 40 80 /20 /60 200 240 280 320 360

Angularposition, fi, deg

Figure so.- Variution,at the 55.3-inch radial station, of
incrementalsectionthrust coefficientwith angularposi-
tion. CZG,10°j 8f, O? I& 165mphi j9, 2L7°; propeller

.
spt?edy1250 rpm.

.. —-—-. . .. . —-. —--- -,.--—- - -.--——— ---— —— — —— - ---- -- ——. ..., . . .. . .“. ,<. ,“



1.

‘,. .

. .

<.
..

Me porollel to thrust axis

Figure 31.— Velocity diagrom of propeller blotie section.

/
,.0

‘7
/

I
f IIf’
k. d

I
/

I
//

1


